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Layout of Distribution System 


and Power Drives in a Small Factory 


HIS article gives the details of 
/ the new power drive installa- 
tion in a factory using 188 
motors. The wiring layout is 
described, following which is a dis- 
cussion of the types of motors se- 
lected, kind of control required, and 
the arrangements provided for con- 
necting the motors to the machines 
driven by them. 


LECTRIFICATION of the candy 

factory of Croft & Allen, Inc., 
presented a number of interesting 
problems. In the first place, their 
old plant at Philadelphia, which was 
originally steam driven and later 
had the lineshafts cut into sections 
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driven by 115-volt d.c. motors, was 
to be discontinued and the same 
candy-making equipment was to be 
moved to their new plant at Bethle- 
hem, Pa. In the new location all of 
the machines were to be individually 
driven by motors. The new plant 
was a one-story building, being a 
radical departure from the accepted 
type of modern, candy-making plants. 
This in itself involved the working 
out of quite a few new ideas. The 
building at Bethlehem had originally 
been erected and equipped as a 
printing plant, and was wired for 





These chocolate chasers were formerly driven by a 
steam engine through a lineshaft and bevel gears. 


The lineshaft was removed and the 
outboard bearing on each chaser 
discarded. A worm 
gear De Laval speed 
reducer was mount- 
ed on the foun- 
dation formerly 
carrying the 
bearing 
for the 
bevel 
gears 
for each 
chaser. 


two-wire, 220-volt, direct-current, 
power service. Inasmuch as it was 
desired to use three-phase, alternat- 
ing current motors changing of 
the wiring presented several inter- 
esting problems. In addition, the 
changing over from group drive to 
individual drive developed several 
interesting angles in the selection of 
the proper method for connecting the 
motors to their driven machines. An 
interesting result of the change from 
group to individual drive was that 
the total horsepower installed was 
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considerably less than was the case 
with the old group drives. There 
were several good reasons for this, 
however. 

The building at Bethlehem, Pa., 
was of the brick and steel type ar- 
ranged as shown in the diagram on 
this page. Inasmuch as it was in- 
tended for operation as a printing 
plant, the power wiring was for 
two-wire, 220-volt, direct-current 
service. In this installation power 
was purchased at 13,000 volts, three 
phase, and transformed to 250 volts, 
direct-current, by means of trans- 
formers and rotary converters. The 
power for lighting was stepped down 
to 115-230 volts by means of a 100- 
kva. transformer. 

The old distribution switchboard 
was located in the center wing of the 
building, as shown at H in the dia- 
gram on this page, and consisted of 
four panels, one a.c. lighting panel 
having circuits to the various light- 
ing distribution cabinets and three 
d.c. panels having two power circuits 
on each, or a total of six power cir- 
cuits. These six power circuits ter- 
minated in six power distribution 
panels located in cabinets. Four of 
the power distribution panels are 
in the main building, about half way 
from the center to the wing at either 
end on each side of the building, as 
shown at A, B, C and D of the dia- 
gram. A fifth circuit runs directly 
to F which is located in the section 
built out from the center of the main 
building opposite the machine shop. 
In this section are the office and two 
wings, one now used for a restaurant 
and rest room, and the other for the 
printing shop and box storage, as is 
shown in the di.gram. The sixth 
circuit runs to E as shown in 
the diagram, and serves the 
machine shop. The circuits 
running to A, B, C and D are . 
composed of two 500,000-circ. 

mil cables each, while the cir- 
cuit to EF in the machine shop 
is composed of two No. 6 
cables, and the circuit to F is 
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composed of two No. 0000 cables. 

The conduit arrangement was very 
simple indeed. Five 4-in. conduits 
were taken from the trench back of 
the main switchboard at H to pull 
boxes located just inside of the wall 
of the main building, as shown at G 
in the diagram. These pull boxes 
were filled with pothead compound 
so as to insure their being kept dry 
and free from dust. Two of the con- 
duits were then carried either way 
in the floor along the wall to the dis- 
tribution cabinets halfway down the 
room, at B and at D. The remain- 
ing three conduits were carried di- 
rectly across the room to pull boxes 
on the opposite wall as at J in the 
diagram. From this point conduits 
were carried each way along the 
walls to A and C, at which the power 
distribution cabinets are located. The 
remaining conduit was carried to F, 
to a power distribution cabinet sup- 
plying that wing of the building. The 
conduit run to the sixth power dis- 
tribution cabinet at FE was a separate 
run from the switchboard trench 
direct to the distribution cabinet in 
the machine shop. 

Each power distribution cabinet 
controls four circuits, which. are 
carried in conduits in the floor at the 
foot of the walls of the building. For 
example, the power distribution cabi- 





The power distribution layout in 
this plant is very flexible. 


There are six feeders running to dis- 
tribution cabinets as shown. From 
each of these cabinets four circuits are 
run along the wall so as to enable 
extensions to be quickly run to any 
location. Junction boxes were located 
every 15 ft. from which extensions are 
carried up the wall to a fuse box, 
thence to the controller, and then to 
the individual motor. 
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net at B has two circuits running 
each way along the wall from it. On 
each of these circuits were placed 
three or four junction boxes at the 
floor level, which are spaced 15 ft. 
apart. From each of these junction 
boxes a circuit was run up the wall 
to a fuse box after which the circuit 
goes to the control for the indi- 
vidual motors on that circuit. 

In the illustration on page 395 is 
shown four control cabinets sur- 
rounding a fuse box. A conduit can 
be seen running from the fuse box 
in the center to the floor. At this 
point in the floor is one of the junc- 
tion boxes just mentioned. These 
junction boxes are made of iron with 
a heavy iron cover and are filled 
with pothead compound. The cover 
is supposed to be made water tight 
by the use of rubber gaskets and al- 
though these were not used in every 
case, the pothead compound is re- 
lied upon to keep the moisture en- 
tirely out of the box. From the fuse 
box shown in this illustration the 
circuits are carried to the four mag- 
netic controllers that are mounted in 
the sheet-iron cabinets, and from 
these controllers conduits go down 
the wall and through the floor to the 
individual motors. 

Inasmuch as practically all of the 
drives are constant speed it was de- 
cided that it would be preferable to 
use a three-phase, alternating-cur- 
rent, power supply instead of’ the 
220-volt, direct-current supply that 
the wiring in the building was 
originally laid out for. By draw- 
ing a third wire into each of the 
circuits that have been described in 
the foregoing, the wiring could be 
changed for use on 220-volt, three- 
phase, alternating - current, 
power supply. 

The direct-current cables 
were in good condition and 
also the 4-in. conduits were 
large enough to accommodate 
a third cable. Consequently, 
a third cable of the same size 
as the other two in the circuits 
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running to the four panels in the 
main building, that is, circuits to the 
distribution cabinets, A, B, C and D, 
was pulled in. Also a third wire 
was pulled in for the circuit running 
to the distribution cabinet at # in 
the machine shop. Three-wire dis- 
tribution panels were substituted for 
the two-wire panels in the steel cab- 
inets at A, B, C, and D of the main 
building. The small panel in the ma- 
chine shop at FE was easily changed 
from two-wire, four-circuit, to a 
three-wire, two-circuit panel. 

All of the distribution panels ex- 
cept that in the office wing were well 
located for the present purposes. It 
was not definitely known what the 
machinery layout was to be when the 
installation was started so the 
branch circuits running from the 
distribution centers were equipped 
with the extra wire only as they 
were required. It soon developed 
that the concentration of load at the 
center of the building was beyond 
the capacity of the existing circuits, 
so the four-circuit, 500-amp., two- 
wire panel in the office wing at F 
was changed to a two-circuit, 400- 
amp., three-wire panel, and installed 
on this circuit at the first pull box 
in the main building, that is, at G. 
This gave plenty of capacity at the 
center of the building, which was 
the point at which trouble was 
expected. 

It was also necessary to change 
the main switchboard from two-wire, 
d.c. panels, to three-wire, a.c. panels. 
Three new panels were substituted 
for the three panels formerly used. 

There are 188 motors in the plant, 
giving a total connected load of 550 
hp. The largest motors in the plant 
are two 50-hp., synchronous motors 





Individual motor drive greatly sim- 
plified the control of these chocolate 
chasers. 


Push button stations controlling the 
across-the-line starters shown in the 
center background, give quick con- 


trol of the machines. The center 
cabinet is the fuse box and surround- 
ing it are four across-the-line starters 
for the double squirrel cage motors 
driving the chasers. On the floor 
directly beneath the fuse box is a 
junction box that connects with one 
of the power distribution cabinets 
shown in the layout on page 394. 





which drive ammonia compressors, 
and one 20-hp., wound-rotor induc- 
tion motor which gives variable 
speed on a fan drive. A great many 
fractional horsepower motors are 
used. In fact the average horse- 
power obtained by dividing 550 hp. 
by 188 is slightly under 3 hp. With 
the exception of the two synchronous 
motors, the 20-hp., wound-rotor mo- 
tor and four, 5-hp., wound-rotor mo- 
tors, all of the motors are of the 
squirrel cage type. It was necessary 
that new motors be purchased, for 
the motors in the old plant were 
suited only for a 115-volt, direct cur- 
rent supply, while the power supply 
at the new plant is 220 volts, three 
phase alternating current. 

In order to avoid the use of com- 
pensators and to take care of the ex- 
tremely high starting torque re- 
quired by a great many of the ma- 
chines, practically all-motors of 5 hp. 
and larger are of the double squirrel- 
cage or FTR type’ manufactured by 
the General Electric Co. Where a 
very high starting torque was re- 
quired on some of the 3 hp. drives the 
type FTR motors were also used. 
The experience obtained on these 
drives using FTR motors for heavy 
duty service would have justified 
their use in a great many of the ap- 
plications where only 1- and 2-hp. 
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motors were required. However at 
the time of purchasing these motors 
the small sizes of motors of this 
type could not be obtained. 

The type FTR motor is a double 
squirrel cage motor that can be 
thrown directly across the line with- 
out reduced voltage obtained by 
means of a compensator or starting 
resistance. It has a starting torque 
of 250 per cent with a maximum 
running torque of 200 per cent of 
full-load torque. The motors there- 
fore come up to speed quickly with 
peak current values of short dura- 
tion. The starting current is within 
the N.E.L.A. rules without the use 
of a compensator or primary re- 
sistance starter. This motor is in 
general suitable for applications re- 
quiring a constant speed and high 
starting or accelerating torque. It 
is thrown directly across the line 
and therefore the control for it is 
very simple. The control may be 
either automatic, push-button con- 
trol, or semi-automatic control. 

All of the type FTR motors in use 
in this plant have a synchronous 
speed of 1,200 r.p.m. Motors of this 
speed were used so as to keep the 
power factor and efficiency as high 
as possible. For the smaller drives, 
that is those requiring motors of 
3 hp. and less, the type KT, General 
Electric motor was used. The ma- 
jority of these had a speed of 1,200 
r.p.m., although a few had a-syn- 
chronous speed of 1,800 r.p.m. On 
certain operations it was necessary 
to have variable speed and on these 
drives type M, General Electric, 
wound-rotor motors were used. The 
control for these provided for 50 per 
cent speed reduction, the standard 
manually - operated, resistance - type 
starter being used. 

On account of using the double 
squirrel cage motors the control for 
the various drives was greatly sim- 
plified. Across-the-line starters are 
used for all of the squirrel cage 
motors. On the motors below 3 hp. 
in capacity the type CR 7005 starter 
was used while the motors above 
3 hp. use the type CR 7006 starter, 
both types being manufactured by 
the General Electric Co. These two 
starters consist of a three-pole mag- 
netic contactor equipped with mo- 
mentary. contact, push button sta- 
tions, and undervoltage protection. 
Aside from the difference in capacity, 
the two types differed in that one 
has a thermal overload cutout while 
the other has a resetting circuit 
breaker. The starters are enclosed 
in steel cabinets and are arranged 
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on the wall as shown in the illustra- 
tion on page 395. In this manner 
the contactor panels were assembled 
along the walls where the fuse cut- 
outs were located. These locations 
are comparatively free from the 
sticky dust characteristic of a candy 
factory. The push button stations 
are located at the machines thereby 
giving quick control of the opera- 
tion of the machine. The control but- 
tons are small and do not take up 
valuable space or get out of order 
easily. 

On the smallest motors, including 
the fractional- horsepower motors, 
snap switches were used to a great 
extent. The control for the wound- 
rotor motors is of necessity special 
in that variable speeds are involved. 
Likewise, special controllers were re- 
quired for the 50-hp., synchronous 
motors. On the chocolate chasers 
special three-point push button sta- 
tions were used as shown in the 
illustration on page 395. These push 
buttons provide a start button, a 
jog button, and a _ stop. button. 
About ten of these push buttons 
were used altogether. 

As was explained previously, the 
candy making equipment used in 
this factory was taken from the old 
plant at Philadelphia. The old plant 
was originally engine driven from a 
series of lineshafts on the different 
floors. Later in its history the line 
shafts were cut up into sections and 
group drive, 115-volt motors were 
used. At the time of transition from 
the old plant to the new plant, which 
was also the time of changing from 
group drive to individual drive, quite 
a few tests were made to determine 
the size of motors as far as possible 
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and primarily to determine the total 
power that would be required from 
the public service company. 
in the old plant in Philadelphia in- 
dicated that a considerable portion 
of the load was lineshaft losses. Be- 
cause the only power tests that could 
be made in the old plant were on the 
motors driving the lineshaft operat- 
ing various machines, the power 
actually used by the machines indi- 
vidually could not always be de- 
termined very satisfactorily. Also 
the mechanical condition of some of 
the older machines was very poor. 
Cast-iron bearings seemed to prevail 
and most of them were badly worn. 
As a matter of fact after the final 
installation of new motors had 
been made in the new plant, it was 
found that 375 hp. of individual 
motors was carrying the load for- 
merly handled by 603 hp. in group 
drive motors. On account of the 
condition of the old equipment it 
was impossible to use gears or 
couplings to connect the motors to 
the drives. It was decided that silent 
chains or roller chains would be 
the best solution of the power drive 
problem, in changing to individual 
drive. Putting the chains in over- 
size would lengthen their life if the 
machines were properly motored on 





Silent chains are used for con- 
necting most of the motors to their 
driven machines. 


Inasmuch as all of the equipment was 
originally arranged for driving from a 
steam-engine-driven lineshaft, it was 
rather difficult to obtain motor speeds 
suitable for connecting motors directly 
to the machines. Also, in many cases 
mounting the motors so as to couple 
directly was sometimes difficult. Use 
of silent and roller chains provided a 
very flexible arrangement for connect- 
ing these machines for individual drive. 





Tests. 
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the first trial, and also they would 
not have to be changed if the motor 
size had to be increased. 

In general individual drive was 
used throughout the plant. How- 
ever it was found that some of the 
cooking kettles and polishing pans 
would require such a low speed that 
a double reduction would be neces- 
sary. Further investigation showed 
that these drives could be very con- 
veniently grouped. A double reduc- 
tion chain drive was used, the high 
speed reduction being made by means 
of a silent chain and the low speed 
by aroller chain. Where these groups 
are used, the countershaft is car- 
ried underneath the frame work 
supporting the kettles or pans, and 
the resulting drive is simpler and 
more compact than individual double 
reduction drives would have been. 

A few back-geared motors were 
used with roller chains from the - 
slow-speed shaft to the machine. 
However, it was found that a double 
chain or standard, silent gear reduc- 
tion or speed reducer was somewhat 
less expensive and very much more 
satisfactory than the back-geared 
motors originally thought necessary. 
Hence the first lot of these which in- 
cluded three 3-hp., and four 14-hp. 
motors were the only ones used. 

The illustration on this page shows 
a typical installation of chain drives. 
At this point it might be stated that 
all of the silent chains are of Link- 
Belt manufacture. This illustration 
shows a Mogul and Depositor. The 
Depositor is driven by a 1-hp., 
1,200-r.p.m. motor through a chain 
drive. This motor is on the floor at 
the left of the illustration. The 
Mogul is driven by a 1-hp., 1,800- 
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r.p.m. motor mounted on top of the 
machine as shown at the right of the 
illustration.. The shaft that carries 
the silent chain gear on the Depositor 
formerly carried a tight and loose 
pulley with a belt shifting mechanism 
operated by a lever on the opposite 
side of the machine. The Mogul was 
formerly controlled by another belt- 
shifting mechanism which was oper- 
ated by the Mogul tender on signal 
from the operator at the Depositor. 
Both motors are now controlled to- 
gether or individually by means of 
push button stations located at the 
operator’s station on the opposite 
side of the Depositor from the motor 
which drives it. Only one man is 
required to control the two motors. 
Provision is also made for one or 
more emergency stop buttons which 
are within convenient reach of any 
’ other tenders of the Mogul. 

The only places where belts are 
used in the plant are on a fan in the 
machine shop, and on the chocolate 
enrobers, where the standard drives 
furnished by the manufacturer of 
the machines are used. 

Worm gear. speed reducers made 
by the De Laval Company are used 
for obtaining the proper speed. The 
speed reducers are connected to 
their motors by Lipe flexible coupl- 
ings. These couplings have had con- 
siderable effect in relieving the shock 
of the quick start on these drives. 
These drives are illustrated on 
page 393. These chasers were orig- 
inally driven from a countershaft, 
and the pedestal for the outboard 
bearings for the shaft carrying the 
bevel pinion and the tight and loose 
pulleys was not removed. This out- 
board bearing pedestal may be noted 
on the outside of the bedplate carry- 
ing the De Laval speed reducer. The 
reduction in the worm gear speed 
reducer is from 1,140 r.p.m. to 90 
r.p.m. The illustration on page 395 
shows the control used on the chasers. 
A push button control station is lo- 
cated right at the chaser, as is shown 
in the center of the illustration, and 
magnetic across-the-line starters are 
mounted at the wall. This layout 
of control is typical of that used 
throughout the plant. The two con- 
trollers at the left of the illustration 
control the motors driving the two 
chasers shown in this illustration. 
The two push button stations on the 
chaser at the right form the control 
point for these two chaser motors. 

The lighting circuits which were 
originally laid out for three-wire, 
220-110 volt, alternating-current, did 
not have to be changed. The power 








is obtained from the present power 
transformers. The 110-volt tap on 
one of the present transformers is 
brought out to provide the center 
wire of the three-wire system. 

The engineers of the local public 
service company went over the old 
plant in Philadelphia and estimated 
that the new plant would use about 
45,000 kw.-hr. per month on a mini- 
mum demand of 200 kw. However, 
tests in the old plant indicated that 
a considerable portion of the load 
was due to lineshaft losses and the 
power company was induced to re- 
duce the minimum of the preliminary 
contract to 100 kw. with the promise 
that if at the end of the construction 
period this was found to be excessive 
it would be further reduced. Until 
the hot weather set in this summer, 
the peak did not exceed 64 kw., but 
since then it has reached 121 kw. 
Consequently the original contract 
will not be changed. It should be 
noted that the peak is caused by the 
compressors supplying refrigeration. 
In the Philadelphia plant, these com- 
pressors were steam driven and 
hence were not included in the 
original estimate. 





Arc Welding Reduces Steel 
Required in Buildings 


RECTION of two structural 

steel buildings that will un- 
doubtedly make steel history, has 
been announced by the Westing- 
house Electric & Mfg. Co. The 
structural steel in both of these 
buildings will be arc-welded through- 
out instead of riveted. 

The two proposed structures in- 
clude a one-story building to be used 
as an engineering laboratory in the 
East Pittsburgh Works and a five- 
story, mill-type building to be used in 
the manufacture of transformers in 
the Sharon Works. 

The five-story building at Sharon 
will, when completed, be the largest 
arc-welded or rivetless building in 
the world, and is said to be the first 
application of arc-welding to the 
building of multiple-storied struc- 
tures. It will be the first building 
in the world with all joints and mem- 
bers designed for arc-welding. It is 
a radical departure from previous 
practice in that practically none of 
the members could be joined except 
by arc-welding. The one-story East 
Pittsburgh structure is unusual, in 
that it is being erected partly of 
scrap roof trusses, 

Arc-welding as applied to the erec- 


tion of structural steel has been. in 
process of development by Westing- 
house engineers co-operating with 
the American Bridge Company for 
some time, during which tests con- 
ducted in the Carnegie Institute lab- 
oratories have developed the fact 
that arc-welded joints are stronger 
than riveted joints and are, in fact, 
stronger and more resistive to 
pressure and stresses than the ad- 
jacent beams. It was also found 
that the saving in steel effected in 
arce-welded structures was consider- 
able, not only because of the elim- 
ination of the thousands of plates 
and angles now necessary in riveted 
buildings, but also because lighter 
beams could be used, thus making the 
entire structure weigh less. In 
riveted construction, the size of the 
beams is frequently determined by 
the strength required of the riveted 
joint rather than of the members 
joined. In the Sharon building, in 
which approximately 700, tons of 
steel will be used, there are 100 tons 
less steel than would be necessary if 
the structure were to be riveted. 
This alone means a saving of about 
12 per cent in steel cost. A consider- 
able benefit to be derived from arc- 
welded structures also lies in the 
elimination of the noisy riveting 
hammer, whose nerve-wracking 
noises now herald the erection of all 
steel structures. 

In the steel fabricating mill, the 
arc-welded members will entail a de- 
cided change in the process of as- 
sembly. The present system in- 
cludes the design of thousands of 
angles and bracing plates, all of 
which, together with the beams, are 
laid out and punched, before being 
delivered to the riveting gangs for 
assembly. With the new process, the 
work will be laid out on the floor 
where the arc-welder will supplant a 
gang of riveters. 

The new process means a return 
to days of long past in structural 
steel history, when nearly all of the 
men in the shop had to have prac- 
tical knowledge and skill in the 
fabrication of steel members. It 
will mean a thorough knowledge of 
the assembly of steel members from 
beginning to end. Arc-welding jobs 
must be laid out on the floor, which 
will eliminate a number of processes 
now used, by which the steel mem- 
bers are delivered to the shop 
workers, already punched and fitted. 
The assembly process in arc welding 
will undoubtedly require a higher 
average type of workman and more 
technical supervision. 





Step-by-step operations in 
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Erecting and Aligning a 
Lineshaft Drive 


ROBLEMS connected with the 
erection and aligning of a line- 
shaft vary according to the 
building construction, as was pointed 
out in a previous article entitled, 
“Groundwork Necessary ’§ Before 
Erecting a Lineshaft,” which ap- 
peared on page 519 in the Novem- 
ber, 1925, issue of INDUSTRIAL EN- 
GINEER. This previous article dis- 
cussed some of the general problems 
encountered in such work and gave 
particular attention to the special 
difficulties incidental to the construc- 
tion of the building. It covered 
merely the work nevessary in the 
supporting of the hangers, and did 
not take into any account the method 
of installing and aligning the shaft. 
The procedure in installing a 
shaft which is of considerable length 
is so extensive as to be difficult to 
explain and show in detail in a single 
illustration. A recent job, however, 


presented some very interesting fea- 
tures and problems, and also was 


By GEORGE TRIMM 
Millwright Superintendent, Chicago 
Pulley & Shafting Co., 
Chicago, Jil. 
small enough so that it can be shown 
complete in a single view and to 
permit of a discussion of the various 
steps involved. A larger job, which 
involves several lengths of lineshaft- 
ing would be erected in exactly the 
same manner and would be a repeti- 
tion of the steps explained in connec- 
tion with this installation. Follow- 
ing the discussion of the problems 
incidental to this installation, other 
features commonly met in such work, 
will be considered in a later article. 

This installation is an addition to 
the buffing department of a plant 
specializing in electroplating and 
was erected on the top floor of a mill- 
constructed mill. One of the most 
difficult features connected with this 
installation lay in the fact that the 
room had a sloping ceiling. 

The millwrighting consisted of in- 
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This is the last step in lining up 
a lineshaft. 


The method of taking care of the con- 
struction problems incidental to a 
sloping ceiling, by using hangers of 
different sizes and blocking as neces- 
sary, is described at length in the ac- 
companying article. After the ball 
bearings were put in the hanger boxes 
and placed in position in the hangers, 
the shaft was leveled with a level 
having a V-base, by adjusting the 
vertical screws in the four-point ad- 
justable hanger. A line was then 
stretched parallel to the shaft and 
fastened to targets (which, in this case, 
consist of boards nailed to the ceiling 
joists). The line is fastened to a tar- 
get at one end and the target at the 
other end, which is held by a single 
nail, is then adjusted so that the dis- 
tance from the line to the shaft is the 
same at each end before the second 
target is nailed securely. The final 
step in aligning is to see that this ie, 
tance from the line to the shaft is the 
same at all hangers, and then we 
up the side-adjusting screws. 

shaft is then checked over both with 
the level and with the rule. 





stalling one 24-ft. section of 2ys-in. 
lineshaft, six ball-bearing, loose- 
pulley countershafts, six buffing 
wheels and the erection of a platform 
for supporting the motor, together 
with the necessary pulleys and belts. 
The installation of the exhaust pipe 
and branches, together with the ex- 
haust fan and necessary wiring, will 
not be covered in this article. 
Practically always the first step in 
any similar millwrighting job is the 
installation of the lineshaft because 
all other equipment is aligned from 
the shaft. A mill-constructed build- 
ing, as explained in the previous 
article, is usually the easiest type of 
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construction for erecting the neces- 
sary groundwork, providing the 
structure is substantial enough to 
hold the shaft and the groundwork 
rigidly. In this case the roof struc- 
ture is very substantial and as the 
shaft was to be placed close to a 
wall, its alignment would not be 
likely to be affected by a snow load 
on the roof, as might be the case if 
the lineshaft were placed nearer the 
center of the joist span. 

In erecting the groundwork for the 
shaft the sloping roof offered two 
obvious methods of construction. I 
am a firm believer that the best 
method of supporting lineshaft 
hangers in mill-constructed buildings 
is to attach them to a pair of hori- 
zontal stringers extending in the 
same direction as the shaft. One 
method of doing this would be to 
build staging from the ceiling struc- 
ture and attach the stringers to it. 
This procedure would have made the 
stringers practically level and all 
shaft hangers could have been of the 
same dimensions. However, this 
method would have required consid- 
erably more structure; also, as the 
ceiling drop in the length of the shaft 
is about 12 in., this type of structure 
would have been somewhat more diffi- 
cult to brace securely than the type 
of construction chosen. On _ the 
whole, this method would have been 
more expensive, although a small 
amount would have been saved in the 
cost of the hangers in that all hang- 
ers would have been of uniform 
size. 

The method of support shown in 
the illustration on page 398, which 
consists in attaching the stringers 
to the joists by means of §-in. by 
6-in. lagscrews gives a footing for 
the hangers which, I believe, is as 
substantial as the building, in that it 
is subject only to misalignment 
which may be due to movement of 
the joists or ceiling. These footings 
were made of pieces of 3-in. by 8-in. 
yellow pine and were lagscrewed 
directly to the joists. In places where 
the joists were uneven thin blocks 
were placed under the stringers so 
that they lie in practically a straight 
line, instead of being pulled up or 
pushed down by tightening up 
against uneven joists. 

The first step, however, was to lay 
out roughly the location of the 
various machines to get the approxi- 
mate location of the countershaft, 
and from this the position of the 
pulleys on the shaft, so that no 
hangers would be placed where they 
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Partial List of Materials 
and Equipment Used 


24 ft. 2 3/16-in. turned line- 
shaft 

1 14/16-in., Chicago, No. 4, 
four-point adjustable, medium- 
duty, drop hanger 

1 18/20-in., Chicago, No. 4, 
four-point adjustable, medium- 
duty, drop hanger 

3 22/24-in., Chicago, No. 4, 
four-point adjustable, medium- 
duty, drop hangers 

6 SKF double-race, industrial- 
type, medium-duty, self-aligning 
ball bearings 

6 Chicago special hanger 
boxes for SKF ball bearings 

1 32-in. by 8-in. Oneida steel 
split pulley 








6 28-in. by 10-in. Oneida wood 
split pulley without crown 

2 2s-in. collars with set 
screws 

6 Daggett ball-bearing loose 
pulley countershafts 

209 ft. 4-in. Allen, Supertan 
waterproof, single leather belt 

57 ft. 8-in. Alexander double 
leather belt (17 ft. on exhauster 
drive) 

2 pkgs. No. 5 Clipper belt 
fasteners 

1 20-hp., 800-r.p.m., 230-volt, 
compound-wound, General Elec- 
tric, d.c. motor 

1 25-hp,, 1,150-r.p.m., 230-volt, 
Western Electric d.c. motor (for 
exhauster) 

1 8-in. by 10-in. Rockwood 
motor pulley 

1 6-in. by 10-in. Rockwood 
motor pulley (on exhauster 
drive) 

1 American Blower Co. 60- 
in. exhaust fan 

2 Trumbull Type C, two-pole, 
100-amp. safety switches 

2 Cutler-Hammer motor 
starters 

1 Cyclone separator 

12 Galvanized-iron exhaust 
hoods with 5-in. pipe connection 

1 Galvanized-iron main ex- 
haust pipe varying¢from 8 in. to 
26 in. in diameter and 90 ft. 
long with 20 5-in. inlets (only 
12 are now in use) 








would interfere with the operation 
of a pulley. Also, it is good practice 
to place all pulleys, wherever pos- 
sible, so that they are the width of 
the belt from a hanger. The reason 
for this is that if the belts should 
slip off the pulleys there is less 
danger of their getting caught if 
pulleys and hangers are not too 
close together. For the same reason 
pulleys should not be too close 
together. 


The diameters of the pulleys deter-. 


mine the distance of the shaft from 
In this instance it was counting from the end next the 


the wall. 
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necessary to take into consideration 
the location of a pipe line and the 
building pilaster which projected 
about 6 in. from the wall into the 
room between the third and fourth 
hangers from one end, as may be 
seen in the illustration. The pulleys 
driving the ball-bearing, loose-pulley 
countershaft are 28 in. in diameter 
and the main driving pulley is 32 in. 
in diameter. The required distance 
was, therefore, the radius of 16 in., 
plus the thickness of the belt, plus a 
minimum safe allowance of 3 in. be- 
tween the pulley and the wall, plus 
the 6-in. pilaster, which gives a 
total distance from the wall of ap- 
proximately 25 or 26 in. 

The next step was to measure off 
on the ceiling this distance of 26 in. 
from the wall to determine the loca- 
tion of the two ends of the center 
line of the groundwork. A line 
stretched between these two points 
should lie directly above the lineshaft 
when it is put in. This line, which 
should be of heavy cord that does not 
stretch, can be supported from spikes 
driven into the joists at each end. 
The distance of the center of the 
stringers from this line is equal to 
one-half of the distance between the 
centers of the slotted bolt holes in 
the feet of the hangers. In this case 
hangers of three different dimen- 
sions were used. This distance was 
chosen to fit the feet on the middle- 
sized hanger. 

The stringers were then lined up 
from this tight line to the center of 
the stringer or, as it is easier to 
measure from the edge of the 
stringer, half of the width of the 
stringer was subtracted, which gave 


‘the distance to the inside edge of the 


stringer. 

The next step was to erect the five 
hangers, which were spaced about 
5 ft. 8 in. apart. Although the 
standard spacing for shaft hangers 
is 8 ft. it was considered advisable 
here to put the hangers closer to- 
gether because the heavy pull of the 
motor and buffers, particularly when 
starting, came from one side of the 
shaft. The shaft was permitted to 
extend from each end hanger, par- 
ticularly at the end nearest the 
camera where it may be necessary 
later to add another piece of shaft- 
ing. To make it unnecessary to do 
a great deal of blocking or staging 
beneath the feet of the various 
hangers on account of the sloping 
ceiling, hangers of three different 
drops were used. The first hanger, 
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camera, has a 14/16-in. drop, the 
second hanger an 18/20-in. drop and 
the other three hangers have a 
22/24-in. drop. These drops took 
care of the sloping ceiling very well 
and blocking was required under the 
feet of the last two hangers only. 

The first hanger was then posi- 
tioned. The bolt holes for this 
hanger were located and centered up 
by measuring from the edge of the 
stringers, although if these had not 
been so accurately placed it would 
have been necessary to measure 
from the line that was already 
stretched between the stringers to 
get the center of the bolt slot in the 
feet. 

The overhead line between the 
stringers was then taken down and 
stretched on a level with the side- 
adjusting screws of this first hanger. 
This was a leveling line and was used 
to indicate the level of the center of 
the openings on all hangers. This 
line was drawn taut and fastened to 
boards or targets nailed to the joists 
and extending down from the ceiling. 
This line was leveled up with a line 
level, which is a very light spirit 
level with hooks at the ends for at- 
taching to the line. This line must 


be level, but it is not necessary to 
have it absolutely parallel with the 
shaft, although it is best to have it 
approximately so. 

The amount of blocking necessary 
under each hanger was determined 
by measuring up from this line to the 
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stringer. The necessary blocking 
was cut off and nailed to the stringer 
before the hole was bored for the 
8-in. bolt supporting the feet. As 
the stringers sloped with the ceiling 
it was necessary to place wedges 
either between the feet and the 
blocking or the blocking and the 
stringers so that the hangers would 
stand vertical, as determined by a 
plumb bob. The last hanger re- 
quired the most blocking and necessi- 
tated using 10-in. bolts. This con- 
struction, however, is much more 
substantial, I believe, than would 
have been the case if the blocking 
had been placed beneath the stringer. 

If the pitch of the ceiling had been 
much greater it would have been 
necessary to place staging under the 
stringers. Where the ceiling is 
level, and the stringers are also level 





This shows the same lineshaft as 
in the other illustration, but after 
the entire job was completed. 


This section of lineshaft was installed 
to drive six buffing machines through 
ball-bearing loose pulleys. The motor 
platform is constructed of 3-in. by 8-in. 
yellow pine planks bolted together. The 
8-in. leather motor belt is cemented 
endless. The other belts are 4-in. single 
leather and are joined by Clipper No. 
5 belt laces. The galvanized exhaust 
pipe is riveted and soldered at the 
joints. The exhaust fan, which is con- 
nected to its motor drive by an 8-in. 
double leather belt, is located at the 
other end of the room and the cyclone 
exhauster is on the roof. This exhaust 
line is supported by strap and angle 
irons. A protecting platform js built 
over it on an angle-iron framework. 
One section of this framework was re- 
moved when this photograph was 
taken. 
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hangers of one size can be used and 
the construction work would have 
been much more simple. In such a 
case, the two end hangers should be 
erected first and the hanger at one 
end lowered as necessary until their 
centers are level with the line. The 
remaining hangers can then be 
placed in position with their side- 
adjusting screws aligned from - this 
line. 

After the hangers were in posi- 
tion the next step was to place the 
lineshaft and bearings. The line- 
shaft was slipped in from the end 
hanger. In this operation care must 
be taken to see that the shaft is not 
scratched or bent in handling. A 
little care in the handling of a 
length of shaft to prevent bending it 
will save much time, labor and 
trouble later. This is a point upon 
which too much emphasis cannot be 
placed. It is of little use to put a 
bent shaft into position and expect 
to force it into alignment by tighten- 
ing up on the adjusting screws. Also, 
it is far easier to prevent the shaft 
from becoming bent than it is to 
straighten it afterward. 

If solid pulleys had been used it 
would have been necessary to place 
these on the shaft before erecting 
and to put the latter in position by 
opening the drops on the hangers and 
raising the shaft up from the floor 
into position, afterward replacing 
the drops. With solid pulleys also, 
care must be exercised to see that 


me re 
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the ball bearings are placed in posi- 
tion between the pulleys when they 
are so located, before installing the 
pulley; otherwise it must be removed 
to install them. 

After the lineshaft was placed in 
the hangers, the next step was to file 
the sharp edge around the circum- 
ference of the shaft at each end so 
that the bearings would slip on more 
easily. SKF medium-duty, indus- 
trial-type, double-race, self-adjusting 
bearings were fitted into a ball-type 
hanger box made especially for these 
bearings and the medium-duty, four- 
point adjustable, Chicago No. 4, 
cast-iron drop hangers. The hanger 
box shell and the bearings were 
slipped over the ends of the shaft 
separately. When the shell and ball 
races were approximately at the 
location of the hanger, they were 
fitted together, packed with grease, 
tightened up, and the cover screwed 
on. The collars, which fit at the ends 
of the shaft inside the hangers, 
should not be forgotten and so make 
it necessary to remove the bearings 
to insert them. 

The boxes were then positioned in 
the hanger yokes and tightened up 
by means of the adjusting screws. 
The final tightening process should 
continue all the way along the shaft, 
instead of working only at one 
hanger until it is completely finished. 
When these adjusting screws began 
to tighten, the shaft was checked by 
means of a level and positioned by 
shifting the vertical adjusting 
screws. 

The shaft was then ready for side 
adjustment and the line was re- 
positioned. Where the line is in a 
convenient location and practically 
level with the shaft, it is merely 
necessary to shift it at one end or 
the other until the distance from the 
line to the shaft is exactly the same 
at each end. The line is in this posi- 
tion in the illustration shown on 
page 398. It is best for one in- 
dividual to make the measurements 
at both ends, because two people can 
easily read the rule a fraction of an 
inch differently.. The other mill- 
wrights can then take their readings 
and work independently at other 
bearings. 

The side adjustments were made 
by tightening or loosening the side 
screws on the hangers until the 
measurements from the line to the 
shaft were exactly the same at all 
bearings. The shaft was again 
checked for level and all adjusting 
Screws were gone over again for a 
final tightening. When all screws 
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have been tightened, a final check 
should again be made with the level 
and the rule. By this time a shaft 
fitted with ball bearings should turn 
freely and easily by hand. If it does 
not, it is probably bent. 

While the scaffolding was in posi- 
tion, the pulleys were next placed on 
the shaft in approximate position but 
not tightened up, so that they could 
be shifted easily. Oneida wood split 
pulleys, 28 in. by 10 in., without 
crowns because of the shifting belt, 
were used on the lineshaft to drive 
the buffer countershafts. The 
groundwork for the countershafts 
was then placed in position and lined 
up by measuring over from the 
stringers which support the line- 
shaft. This groundwork consisted of 
pieces of 3-in. by 6-in. by 16-ft. yel- 
low pine. One end of each Daggett 
ball-bearing, loose-pulley counter- 
shaft was blocked up on account of 
the pitch of the ceiling so that its 
shaft is level. These were lined up 
by measuring with a steel tape from 
the lineshaft to each end of the 
countershaft. 

The six buffing wheels are placed 
in two rows, back-to-back, so that 
three of the countershafts are driven 
by crossed belts. The 28-in. by 10-in. 
pulleys on the lineshaft drive the 
countershafts with 4-in. belts on 8-in. 
by 5-in. tight pulleys. The main 
drive pulleys on the countershafts are 
16-in. by 5-in. and drive down to the 
pulleys on the buffers through 4-in. 
belts. The lineshaft is operated at 
about 200 r.p.m. and the buffing 
wheels at about 2,300 r.p.m. 

Three of the buffing wheels have 
Timken roller bearings and the 
other three, ball bearings. The buf- 
fing machines are fastened to the 
floor by lagscrews which extend 
through the floor and into the 
joists. To be sure that these lag- 
screws would screw into the joist 
properly, it was necessary to go to 
the floor below and measure the cen- 
ter distances of the various joists 
from the end of the building. If it 
had been necessary to place these 
buffers where they could not have 
been lagged to these joists, they 
could have been bolted to a short 
stringer placed crosswise against the 
ceiling between joists on the floor 
below. This would have provided a 
substantial mounting. The shafts of 
these buffers were aligned by eye 
and with each other as it is not 
essential that they be absolutely 
parallel with the lineshaft. 

The exhaust hoods and main ex- 
haust pipe were placed between the 
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two rows of buffers, and a platform 
resting on angle-iron supports was 
built over them for protection, as 
may be seen from the illustration 
on page 400. : 

The method of constructing the 
platform for supporting the motor is 
also interesting. This is a 25-hp., 
230-volt, 800-r.p.m., Type RC, com- 
pound - wound, General Electric 
direct-current motor. This installa- 
tion is located in the older downtown 
section of Chicago where direct cur- 
rent is supplied by the Common- 
wealth Edison Company, from which 
power is purchased. The motor is 
controlled through a two-pole, 100- 
amp. Type C Trumbull safety switch 
and a Cutler-Hammer starter. The 
8-in. by 10-in. Rockwood pulley on 
the motor is connected by an 8-in. 
Alexander, first - quality, double 
leather belt to an Oneida 32-in. by 
8-in. steel split pulley on the line- 
shaft, on approximately 16-ft. 
centers. 

The motor platform was also made 
of 3-in. by 8-in. planks, the same as 
was used for the stringers. The ends 
of the planks rest on similar string- 
ers laid on the floor. The tops of 
the vertical support were bolted to 
the ceiling joists. As an additional 
support to resist the pull of the 
motor belt another 3-in. by 8-in. 
stringer was fastened to the brick 
wall by expansion shells and the 
platform bolted to this. In addition 
to the uprights which are placed on 
each side of the motor platform an 
additional pair of short uprights 
support the platform in the center. 

The base of this platform meas- 
ures 6 ft. by 4 ft. and is 7 ft. above 
the floor. This gives ample head- 
room under the belt. The workers 
are also protected by a sheet-metal 
guard reinforced with angle iron, 
which extends from the platform 
over to the lineshaft pulley. A sheet- 
steel canopy extends across this 
platform above the motor for fire 
protection. Also, the platform is 
covered with galvanized iron which 
is bent up at the edge to form a 
drip pan entirely around the motor. 

The 4-in. waterproof single belts 
from the lineshaft to the loose pul- 
leys and from the tight pulley down 
to the buffers were joined by No. 5 
Clipper belt lacing. These belts 
were measured by running a steel 
tape around the two pulleys and cut 
with an allowance of 4 in. per foot 
in length to give the proper tension 
and allow for stretch. The motor 
belt was connected endless, after it 
was installed, by using belt clamps. , 








Using Automatic 
Switching Equipment 
in industrial plants to reduce substation operating 


costs and secure better protection against break- 
downs and damage to the substation equipment 


URING the past year there 
ID has been a marked advance in 
the application of automatic 
switching equipment in all lines of 
power consumption. Among machine 
equipments there was a noticeable 
trend toward the use of single units 
instead of multiple-unit stations, 
thus indicating a growing apprecia- 
tion of the application principles of 
automatic equipment. However, sev- 
eral double-unit stations, with the 
second machine arranged to start 
following an overload on the first, 
were placed in operation. 
Automatically-operated synchro- 
nous converters and motor-gen- 
erator sets are helping to solve the 
problems of power supply at the 
mines. An installation typical of 
those in mine service is shown in 
Fig. 2. The principal devices for the 
control of this type of converter are 
the main oil circuit breaker, starting 
and running contactors, a small, 
field-flashing motor-generator set, a 
brush-operating mechanism and vari- 
ous small contactors and relays for 
directing the several operations once 
the master element is closed, giving 
the starting indication. 


By F. E. JAQUAY 
Switchboard Dept., General Electric 
Company, Schenectady, N.Y. 

Since there are, in most instances, 
workmen present in the vicinity of 
mining substations, automatic start- 
ing by means of a time clock is often 
omitted. In such cases the initial 
impulse is given by actuating the 
master element either locally or from 
a remote point. The station shown 
is started by an attendant actuating 
the master element locally. The 
sequence thereafter is entirely auto- 
matic, the first action to take place 
being the closing of the master con- 
tactor and then the starting contac- 
tor, which connects the converter to 
starting taps on the power trans- 
former. The converter field is 
flashed following the indication of 
synchronous speed by the synchro- 
nous speed device. Correct polarity 
being established, the machine is 
made self-excited and then connected 
to full running voltage. The brushes 
are then lowered on the commutator 
and the machine is ready to carry 
load. The feeder is connected to the 
machine automatically and when 
the machine is once placed in service 
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Fig. 1—This automatic switching 
equipment is located in a small 
steel mill substation. 

It controls two 100-kw., 275-volt, 
squirrel-cage motor-generator _ sets, 
which supply power to the plant office 
building of the McKinney Steel Co. at 
Cleveland, Ohio. 





it will function without further 
attention. 

The usual protective devices are 
included in this equipment for the 
machine and feeder and function in 
case of reverse power, overheated 
bearings, overheated machine wind- 
ings, incomplete starting, a.c. and 
d.c. overcurrent. 

The McKinney Steel Company is 
using automatic equipment exten- 
sively in coal mining and steel mill 
operations. One of their substations 
located at Wolf Pit, Ky., contains a 
200-kw., 250/275-volt, synchronous 
motor-generator set and two stub 
multiple d.c. reclosing feeders. An 
interior view of the station is shown 
in Fig. 3. 

Some special features used in the 
control equipment for this station 
are of interest. The usual com- 
pensator tap starting method is em- 
ployed, the motor in each case being 
connected to the 4,000-volt, incoming 
line through disconnecting switches 
and choke coils. Each of the remote 
and local master elements used for 
starting, functions through a relay 
which interposes a time delay before 
the master contactor closes. A line 
contactor is provided in the gener- 
ator circuit to connect the machine 
to the 250/275-volt, d.c. bus to which 
the two stub-multiple feeders are 
connected. 

On this equipment the relay which 
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usually trips the line breaker in case 
of an incomplete starting sequence 
is connected to energize an auxiliary 
hand react relay which in turn inter- 
rupts the master control circuit. A 
complete shutting down operation, 
therefore, takes place on starting 
failure the same as though the main 
a.c. line were opened directly. 

Bearing in mind the features just 
described the starting operation con- 
sists only of closing either one of 
the master elements. The protec- 
tive devices being in their correct 
positions, the master control circuit 
is completed after a time delay. The 
unit then starts by the closing of an 
oil-immersed contactor which con- 
nects the motor to the line through a 
compensator. As soon as sufficient 
speed is obtained, the running con- 
tactor closes and the starting con- 
tactor drops out, leaving the motor 
connected to full a.c. voltage. When 
the generator voltage is slightly 
above the bus voltage, the main line 
contactor connects the generator to 
the bus. Each of the feeders is then 
connected to the bus automatically. 

The Hillman Coal and Coke Com- 
pany is now installing automatic 
equipment at Jerome, Pa., to control 
a 275-volt, 300-kw., synchronous 
motor-generator set to operate in 
combination with a_ stub-multiple 
feeder. This equipment is practi- 
cally the same as that previously 
described for the McKinney Steel 
Company except that it is of greater 
capacity. Starting is ‘accomplished 
directly and without time delay by 
closing the master element. In case 
of an incomplete starting sequence 
the main oil circuit breaker opens to 
cause a shutdown. This breaker 
must be closed manually before a 
new start can be made. 


~ 
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The steel industry is likewise 
turning to automatic switching 
equipment for the solution of cer- 
tain operating problems. An inter- 
esting steel mill equipment was pur- 
chased during the past year by the 
Youngstown Sheet and Tube Com- 
pany. It consists of two separate, 
automatic switching equipments for 
two, 275-volt, 1,000-kw., motor-gen- 
erator sets, together with the latest 
design of feeders and type MC-2 
breakers. 

In order that the functioning of 
this equipment may be better under- 
stood, a description of its operation 
will be given. The principal steps in 
starting a unit and connecting it to 
the d.c. bus are as follows: 

(1) If three-phase voltage of 
normal value is indicated and all pro- 
tective devices are reset, the unit 
may be started by the attendant 
operating a pull button switch at a 
remote point. Starting can also be 
accomplished locally if desired. From 
this point the sequence is entirely 
automatic. 

(2) The machine starts and comes 
up to synchronous speed by the ap- 
plication through reactors of low 
voltage to the synchronous motor. 
At the same time the voltage regu- 
lator motor-generator set starts and 
the negative main line breaker is 
closed. 

(3) A few seconds after synchro- 
nous speed is reached, the voltage of 
the generator having built up to 
approximately 65 per cent of normal 





Fig. 2—Here is an automatically- 
controlled, rotary converter sub- 
station in mine service. 


The rotary converter controlled by this 
automatic switching equipment is 
— at 300 kw., 275 volts, direct cur- 
ren 
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and the polarity being correct, field 
is applied to the synchronous motor. 

(4) When the motor field is ap- 
proximately one-half its normal 
value, the reactors are shunted and 
the motor connected directly to full 
voltage. 

(5) As soon as the voltage regu- 
lating equipment has adjusted the 
generator voltage so that it is ap- 
proximately equal to that of the bus, 
the positive d.c. line breaker is closed 
and the generator is connected t 
the bus. 

(6) The machine then carries load 
until it is shut down manually, by 
the operation of some protective de- 
vice, or is temporarily disconnected 
from the d.c. bus due to abnormal 
line conditions. 

The Dennison Manufacturing Com- 
pany, Framingham, Mass., has re- 
cently put in an installation which 
consists of two 250-volt, synchronous 
converters of 330-kw. capacity, oper- 
ating on purchased energy of 13,200 
volts stepped down through power 
transformers. The automatic con- 
trol panels are mounted under a gal- 
lery with the machines directly 
above. The starting and running 
contactors are mounted on a separate 
panel adjacent to the balance of the 
control devices. Figs. 5 and 6 show 
the general layout of this installa- 
tion. Each machine is provided with 
a brush-raising mechanism and ar- 
ranged to start by closing the d.c. 
line breaker. When the machines 
are ready to carry load they func- 
tion in parallel with steam-engine- 
driven units, a feature which par- 
ticularly emphasizes the flexibility of 
automatic control. Since other 
equipment in the station requires an 
attendant, straight automatic start- 
ing is not used, although it was pro- 
vided for. 

Protection is arranged for such 
irregularities in opergtion as a.c. 
undervoltage, overheated machine 
windings, field failure, wrong brush 
position, underspeed, a.c. or d.c. 
overload, overheated bearings, over- 
speed, d.c. reverse power, and single- 
phase starting and running. An 
interlocking circuit between the two 
units prevents starting both at the 
same time. 

The procedure in starting a con- 
verter is as follows: With the dis- 
connecting switches and oil circuit 
breaker between the high-tension 
supply and the power transformer 
closed, control power is made avail- 
able for starting. The attendant 
then closes the hand-operated, single- 








pole circuit breaker in the positive 
side of the converter, thereby 
energizing the undervoltage relay. 
This device, in combination with 
another relay, completes the master 
control circuit. 

From this point -the starting 
sequence proceeds until the con- 
verter is connected to full a.c. volt- 
age through the operation of the 
starting and running contactors, the 
field having been flashed in the 
meantime from a small motor-gen- 
erator set. The brushes are lowered 
on the commutator and the attend- 
ant, after checking the bus and ma- 
chine voltages, proceeds to connect 
the converter to the 250-volt station 
bus. A main line contactor, however, 
will hold the machine off the bus 
until the converter voltage is slightly 
above that of the bus. The closing 
of the main contactor still leaves re- 
sistors in series with the converter 
to give overload protection. Normal 
load conditions being present, these 
resistors are each shunted in turn 
and the machine then takes its share 
of the load. * 

If, at any time during operation, 
an overload condition arises, d.c. 
overload relays cut the load-limiting 
resistors into the circuit. Thermal 
relays mounted above the resistors 
will operate to cause a shutdown if 
the overload is* carried too long. 
Since there is an operator in the sta- 
tion, a gong has been provided to 
warn him of an overloaded condition 
on the machine. Hence, a shifting 


of the load may be accomplished on 
an overload indication before a shut- 
down takes place. 

To shut down manually the oper- 
ator simply trips the single-pole 
circuit breaker. 


This device, by 
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Fig. 3—This automatic substation 
supplies the power for a coal mine. 


The automatic switchboard controls a 
200-kw., 250/275-volt, synchronous, 
motor-generator set at the Wolf Pit 
coal mines of the McKinney Steel Co. 
In addition it controls two stub-multi- 
ple feeders. The two panels shown at 
the right end of the switchboard per- 
form this service. 





means of an auxiliary switch, inter- 
rupts the master control circuit and 
the equipment assumes the “off” 
position. 

An interesting industrial installa- 





Fig. 4—Automatic switchboard in 
use by Pennsylvania Coal and Coke 
Corp. at Mills, Pa. 


This equipment controls two 150-kw., 
motor-generator sets. The first two 
panels from the left control one motor- 
generator set while the third and 
fourth panels control the second. The 
fifth and sixth panels are stub-multi- 
ple, direct-current, feeder panels 
equipped with reclosing circuit break- 
ers. These panels are rated at 1,640 
amp. and 900 amp. respectively. 
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tion, which has recently been com- 
pleted, is in the mill of the McKinney 
Steel Company, Cleveland, Ohio. The 
power supply for the mill has a fre- 
quency of 25 cycles and hence is not 
suitable for office and drafting room 
illumination. It was, therefore, de- 
cided to install in the basement of 
the office building two 100-kw. induc- 
tion motor-generator sets with auto- 
matic control. A view of the com- 
plete installation is shown in Fig. 1. 

Relatively slow speed sets are 
used so as to minimize the noise, 
characteristic of higher-speed ma- 
chines. The control for these sets 
provides for continuous running of 
one set and starting of the other 
on load demand. Counter-e.m.f. 
regulating equipment is provided to 
hold the direct-current voltage within 
very close limits and the usual 
protective features are also provided. 
A thermal relay is employed in the 
neutral lead of each three-wire gen- 
erator as a protection against over- 
heating of the neutral copper. Func- 
tioning of this device causes a 
shutdown by interrupting the master 
control circuit. A throw-over switch 
determines which machine shall be 
the leading unit. As a special pro- 
tection to guard against failure of 
energy for the lighting circuit the 
second unit is arranged to start in 
case the first one fails. 

Incoming power is supplied to two 
buses, one of 110 volts and one of 
220 volts, from 6,600-volt power 
transformers. Starting of the sets 
is, therefore, accomplished directly 
from the buses by means of the 
usual starting and running contac- 
tors energized at a remote point. 
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Fig. 5—Flexibility is a distinguish- 
ing characteristic of automatic 
control. 


This automatic switching equipment 
controls two 330-kw. rotary converters 
and operates them in parallel with 
steam - engine - driven, direct - current 
generators. Directly over this switch- 
board is a balcony which carries the 
rotary converters shown in Fig. 6. This 
equipment jis in the Framingham 
(Mass.) plant of the Dennison Manu- 
facturing Co. —- : 





With one unit in service and an ir- 
crease in load of sufficient amount 
to operate the master element of the 
second unit, this machine will start 
and carry its share of the load. 
This installation has proved to be 
a very satisfactory and economical 
means of supplying direct current to 
an isolated office building and will no 
doubt lead to. similar installations. 
Automatic a.c. reclosing feeders, 
which have been popular for some 
time with operating companies, are 
finding wide application in the in- 
dustrial field. The rugged construc- 
tion of these equipments and their 
dependability have in a large meas- 
ure contributed to their popularity. 
Among the more recent develop- 
ments in automatic control has been 
its application to synchronous con- 
densers. Of particular interest in 
this connection is an installation of 
equipment to control a unit of 7,500 
kva. for the New England Power 
Company, at Worcester, Mass. The 
American Steel and Wire Company, 
one of the larger customers of the 
New England Power Company, 


found it necessary to increase mate- 
rially its supply of electrical energy. 
As the character of the load made 
it necessary to compensate for lag- 
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ging power factor, the power com- 
pany decided to add another unit to 
its already existing 40,000 kva. in 
synchronous condenser equipment. 
In order to eliminate the necessity 
for attendants an automatically-oper- 
ated synchronous condenser rated at 
7,500 kva., 13,800 volts was decided 
upon. ° 

The automatic switching equip- 
ment employs a time clock and volt- 
age relay so that if the voltage 
between the hours of 7 a.m. and 6 
p.m. falls below 13,200 the condenser 
automatically starts up and boosts 
the potential to about 13,800 volts. 
It will maintain this voltage within 
the capacity of the machine until 
such time as the system voltage rises 
to a point when a shutdown occurs 
automatically due to light load. Use 







































is made of the new type alternating- 
current voltage regulator which has 
no direct-current coil and hence 
gives satisfactory control even when 
the direct-current voltage is at a 
very low value. This machine is pro- 
tected against bearing trouble, low 
voltage, loss of load, single-phase 
operation, overcurrent, loss of field 
excitation, and current unbalance. 
Severe winter operating condi- 
tions had to be provided for in the 
station design, as the machine does 
not run continuously. The ventilat- 


_ing duct leading the air away from 


the condenser is fitted with a butter- 
fly valve so that when the machine 
stops the warm air is prevented 
from escaping to the outside. As a 
further help toward eliminating cold 
weather difficulties small heating 
elements were installed in the main 
bearing oil wells and so connected 
that they are energized when the 
machine is shut down. 

In conclusion it may be said that 
in 1914 there was one 300-kw. auto- 
matic station in service. In 1925 the 
number had increased until there 
were more than 800 automatic sta- 
tions with a total of over 700,000 kw. 
in rotating apparatus in successful 
operation. The installation of these 
stations is proceeding at an increas- 
ingly rapid rate since they have now 
become an integral part of the elec- 
trical engineering art. 





Fig. 6—These rotaries operate in 
parallel with engine-driven genera- 
tors and are regulated by auto- 
matic control. 


The automatic switching equipment 
controlling them is located directly 
under the sets and is shown in Fig. 5. 
The converters are each rated at 330 
kw. and deliver 250 volts. 
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Lubrication of Hoists 
and Traveling Cranes 


including troubles caused by the service conditions, 
with a discussion of the types of bearings and lubri- 
cating devices that may be used to overcome them 


By Frank E. Gooding 


Associate Editor, Industrial Engineer 


UBRICATION* of material-han- 
dling equipment offers, in many 
ways, greater opportunities for 
neglect than most other machines 
which are used in production. Much 
of this equipment is located in out- 
of-the-way corners or in places dif- 
ficult of access, and often it is used 
only intermittently. Such conditions 
tend to make for divided responsi- 
bility or failure to provide necessary 
lubrication and inspection. 
*Other articles in this series on lubrica- 


tion, which have appeared in previous issues 
of INDUSTRIAL ENGINEER are: “Using Oils 


and Greases for Industrial Lubrication,” 
December, 1925, “Specifications for Oil and 
Grease Lubricants,” March, 1926, “Equip- 
ment for Applying Lubricants,”. May, 1926, 
re “Lubricating Motor Bearings,” July, 


The effects of use are cumulative. 
Also, when the equipment is idle for 
comparatively long periods, the lu- 
bricant is more likely to accumulate 
dust in the bearings, because where 
bearings are operating, the action 
of the oil, if the bearings are prop- 
erly designed and the lubricant sup- 
plied as indicated by the manufac- 
turer, tends to keep the lubricant in 
motion, so that it gradually works 
foreign matter away from the bear- 
ing surfaces. Some bearings are 
designed primarily to force or wash 
foreign matter out with the flow of 
the lubricant. This is, of course, 
impossible when the bearing stands 
idle. Also, some lubricants tend to 
gum or harden, particularly when 
exposed as a thin film, such as covers 





Vol.84, No.9 














rressure lubricating equipment for 
crane bridge bearings. 


Grease is applied under pressure to 
all bearings simultaneously by screw- 
ing up the handwheel of the Keystone 
compression unit in the foreground. 
Similar equipment for lubricating the 
trolley bearings is shown in another 
illustration. 





the bearings. Other lubricants are 
so thin as to run off and leave the 
bearing surfaces unprotected, prac- 
tically as soon as motion stops. 
Needless to say, a lubricant which is 
too thin, that is, one without suf- 
ficient body, should not be used. 

The necessity for the proper ap- 
plication of the correct lubricant 
applies to practically every type of 
equipment; in this way the lubrica- 
tion of material-handling equipment 
does not differ very much from other 
bearing problems. However, special 
provision must be made to anticipate 
neglect as much as possible, and to 
handle the problems created by the 
dust in which much of such equip- 
ment operates. 

This article will discuss some of 
the more common methods and con- 
siderations involved in the lubrica- 
tion of material-handling equipment. 
Particular attention will be given to 
overhead cranes and hoists. The 
lubrication of trucks and tractors 
presents special problems which are 
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covered by the recommendations of 
the manufacturer and will not be 
discussed here. 

The electric traveling crane is 
often the most expensive and some- 
times the most important piece of 
equipment in an industrial plant. 
Interruption of its service in some 
industries, such as foundry work, 
will often tie up a large share if not 
all of the plant. Due to its large size 
and the fact that the crane is placed 
overhead where it is difficult of 
access, lubrication of the crane bear- 
ings is often neglected. The bear- 
ings such as in the bridge trucks 
are located a considerable distance 
apart and are hard to reach; often, 
as a result, they do not get the neces- 
sary attention. For this reason crane 
manufacturers usually design the 
bearings and the method of lubrica- 
tion so that there will be no serious 
results even though lubrication is 
neglected occasionally. 

Both the manufacturers and users 
of cranes are studying the problems 
of lubrication -and bearings very 
seriously. In the article entitled, 
“Anti-Friction - Bearings on Steel 
Mill Motors,” on page 260 of the 
June, 1926, issue of INDUSTRIAL 
ENGINEER, a description is given of 
an installation: of roller bearings 
applied to 32 traveling cranes on not 
only the motors, but on all of the 
bearings. 

Also, on page 254 of that same 
issue, mention is made of the recent 
installation of 20 cranes which are 
likewise completely equipped with 
roller bearings. In these cranes 
Rollway bearings are used for the 
motors, Hyatt bearings support the 
lineshaft, and Timken bearings are 
used on the axles and end trucks. 
In many other instances partial in- 
stallations of anti-friction bearings 
have been made on cranes. One of 
the big advantages of using these 
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Here the trolley of a crane is fitted 
for pressure lubrication. 


The Keystone compression unit is 
located at the right and 3-in. lead 
pipes extend from the 13-in. header 
pipe, to each bearing, This unit covers 
the lubrication of all bearings on the 
trolley. A separate unit is required 
for: the bridge, as shown in the head- 
piece at the beginning of this article. 





bearings is that they require lubrica- 
tion only a few times a year at most. 

It is expected that the use of anti- 
friction bearings will do much toward 
overcoming the difficulties incidental 
to the operation of cranes in steel 
mills where they are subject to dust 
hazards and other severe operating 
conditions, particularly as continuous 
operation is of supreme importance 
in this industry. 

A type of bearing commonly used 
on the end trucks and also on the 
trolley trucks of cranes is the M.C.B. 
(Master Car Builders) bearing 
which usually consists of a bronze or 
similar bearing metal shell with an 
oil reservoir, packed with waste. 








This is the opposite side of the 
crane trolley shown above. 


A header pipe line carries the grease 
from the compressor around to the 
bearings on this side of the trolley. 
Pressure is exerted on all bearings 
simultaneously. Where a large num- 


ber of bearings are served from one 
compression unit, a two-way or three- 
way valve is placed in the line so that 
pressure is applied to only a portion of 
the bearings at a time. 
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Such bearings require the addition 
of lubricant weekly. Also, it is 
advisable to repack with clean, new 
wool waste approximately every two 
months. Wool waste does not pack 
too tightly, it seems to hold and feed 
the oil better and is not so easily 
affected by the heat of the bearings - 
as is ordinary cotton waste. A heavy 
grade of lubricating oil, similar to 
engine oil, is used in M.C.B. bearings. 

Frequently, grease cup lubrication 
is used on some of the crane bear- 
ings, particularly on the bridge drive 
shaft, and on some of the trolley 
bearings. When attended properly 
these give satisfactory service. It 
is somewhat difficult, however, to 
fill these grease cups at the crane 
without getting some dirt mixed in 
with the grease, particularly where 
the atmosphere is heavily dust-laden. 
Some operating engineers overcome 
this difficulty by having spare grease 
cups, which are filled at the stock- 
room. The oiler then merely removes 
the empty grease cup and replaces 
it with a filled one. Care must be 
exercised, however, to see that these 
are screwed in properly so that they 
do not loosen and fall out, due to 
vibration of the crane. 

Many operators, however, prefer 
the use of the Alemite or Zerk, pres- 
sure systems of grease lubrication 
in preference to a grease cup, in 
that these force the lubricant into 
the bearing under’ considerably 
greater pressure than can be ob- 
tained by screwing down on a grease 
cup. Also, there is less likelihood 
of forcing dirt into the bearing along 
with the lubricant, as would be the 
case where the grease cups were 
filled in the plant. In addition, all 
of the new grease is forced in under 
high pressure, and the old, dirty 
grease is forced out of the ends of 
the bearings, carrying with it any 
foreign matter. The Dot system 
supplies oil under préssure to the 
bearings in a similar manner. 

With the Alemite or Zerk systems, 
the lubricant. is forced, by a so-called 








gun, into the bearings through a 
fitting which is screwed into the oil 
hole or grease cup opening in the 
bearing. This fitting is closed by a 
special ball and spring which is 
forced open by the passage of the 
lubricant as it is applied under 
pressure. The operation of these 
methods of applying lubricants was 
described in the article, “Equipment 
Used for Applying Lubricants,” in 
the May, 1926, issue of INDUSTRIAL 
ENGINEER. A crane which is in 
operation approximately 10 hr. a day 
should have all bearings gone over 
with a portable pressure gun at least 
once daily. 

Still another method of lubricating 
electric cranes, which is designed 
both to supply the lubricant to the 
bearings under pressure without the 
possibility of missing a bearing, and 
also to eliminate the accident hazard 
which results from the necessity of 
attending each individual bearing, is 
known as the Keystone system of 
lubrication. This was also described 
in the May, 1926, article. With the 
Keystone system the grease is piped 
from a central pressure gun or com- 
pression unit to each of the bearings. 
The application of pressure by 
screwing up a plunger on this unit 
lubricates all bearings simulta- 
neously. The advantages claimed are 
that this is not only a safe method, 
as there is practically no hazard to 
the workman, but also no bearings 
are overlooked, and all the bearings 
are lubricated very quickly. 

Where cranes are so equipped, the 
Keystone lubricators are of the 
manual, intermittent-operation type. 
One lubricator is used for the crane 
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Lubrication features of a Whiting 
crane bridge trolley. 

The truck wheel bearings are of the 
M.C.B. type and are packed with wool 
waste. The gears operate in an oil 
bath. Other bearings have Alemite 
fittings for pressure lubrication. 





bridge and another for the trolley. 
Some ore bridges have been equipped 
with Keystone converter cups r 
accumulators which are connected in 
so as to give a continuous flow of 
grease under pressure to the bear- 
ing. The lubricator is mounted in a 
convenient location, usually at one 





This phantom view shows the lubri- 
cation system of a hoist trolley. 


This illustration is of one type of 
trolley for a Shepard Electric Crane & 
Hoist Company hoist. The axle and 
motor bearings are ring-oiled. Gears, 
where possible, are lubricated by the 
splash system, and each oil reservoir 
is provided with a means for indicating 
the oil level. 
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end, and is connected to the header 
line which extends along the bridge. 
Branch feed lines are connected with 
the header to each bearing and a 
pressure reduction valve is placed at 
or adjacent to each bearing. After 
the pipe lines are filled with lubricant 
and the valves adjusted, the pressure 
is applied by turning the hand wheel, 
which forces grease into all bearings 
simultaneously. A_ special grease 
gage and pressure tell-tale, indicate 
the existence of pressure and the 
flow of grease at the various bear- 
ings. An installation on the bridge 
of a yard crane is shown in an ac- 
companying illustration. 

Crane bearings, particularly those 
which are installed in foundries and 
around blast furnaces, are subjected 
to very dirty and dusty conditions. 
Abrasive material shortens the bear- 
ing life, and under such conditions 
it is necessary to use a lubricant of 
sufficient body to seal the ends of the 
bearings against infiltration of dirt. 

On some installations grease has 
been forced a distance of 200 ft. 
from the lubricator to the farthest 
bearing, with branches to the various 
bearings along the line. On all con- 
nections which are to be made to a 
moving bearing and when subject to 
extreme vibrations a grease-proof 
rubber hose is employed; otherwise 
pipe is used. 

At the Lynn (Mass.) plant of the 
General Electric Company, a 5-ton 
and a 10-ton Whiting crane are 
equipped with the Keystone lubricat- 
ing system. The first crane was 
equipped by the user; the second 
crane was equipped when manufac- 
tured. One compression unit is 
mounted on the bridge of the crane 
(Please turn to page 420) 
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THIS is the third article of a series 
on power factor. In the first article, 
which appeared in the July issue, 
the nature, causes and effects of 
low power factor were discussed. 
The second article, in the August 
issue, dealt with methods of raising 
low power factor without the use 
of corrective equipment. In the 
present ariicle the use of corrective 
equipment is explained. A succeed- 
ing article will take up the question 
of how far it pays to go in correct- 
ingthe power factor of an industrial 
plant load. 


Practical pointers on 


Methods of 


Correcting 


Power Factor 


of industrial plant loads 
by the use of equipment 
that has been designed 
for this purpose 


By JAMES B. HOLSTON 


Commercial Engineer, Wagner Electric 
Corporation, St. Louis, Mo. 


N THE previous article, on 
Jc 356 of the August issue, the 

possibility of raising the power 
factor of an industrial plant, by re- 
arranging induction motors so that 
they will be properly loaded, was 
discussed in detail. 

After having made load tests on 
all motors except those operating 
only intermittently, and rearranging 
and replacing them to get better 
load factors and consequently better 
power factors, the operating engi- 
neer faces the problem of selecting 
suitable equipment to further in- 
crease the plant power factor from 
75 or 80 per cent up to 90, 95, or pos- 
sibly 100 per cent. 

Engineers frequently make the 
statement that it is uneconomical to 
raise power factor higher than 90 
or 95 per cent. Before setting any 
figure as a definite limit, however, 
it seems best to consider all of the 
various factors which may be in- 
volved. Where a large number of 
induction motors are included in the 
plant load, the cost of correction be- 
yond 90 per cent may not be justified. 
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On the other hand, where a single 
large unit consumes the greater part 
of the power, and a synchronous or 
Fynn-Weichsel type motor can be 
used for this drive, correction to 
100 per cent may be accomplished at 
no greater cost than 95 or even 90 
per cent correction. 

The solution of the power factor 
problem consists largely in eliminat- 
ing or balancing induction motor 
magnetizing currents. If a part of 
the induction motors are replaced 
by motors which not only supply 
their own magnetizing current, but 
also an excess available for the re- 
maining induction motors, it follows 
that the amount of correction re- 
quired is less than if no motors are 
replaced and condensers are used to 
correct the entire load. This fact is 
important and should be thoroughly 
understood before any selection of 
corrective equipment is made. 

According to a splendid treatise 
published by the National Electric 
Light Association, and dated Janu- 
ary, 1926, power factor correction 
may be accomplished by means of 
four different types of equipment: 
synchronous motors, Fynn-Weichsel 
motors, static condensers and syn- 











Fig. 1—This shows a 25-hp., 1,200- 
r.p.m., 220-volt, two-phase, 60-cycle 
Fynn-Weichsel motor driving a line- 
shaft through a silent chain, in the 
plant of the Byrne and Hance Spin- 
ning Co., Philadelphia, Pa. 





chronous condensers. The following 
discussion will deal with each of 
these types of equipment in the 
order named. 

Synchronous Motors—Synchronous 
motors afford an excellent means of 
correcting power factor in the larger 
plants where motors of 50 hp. and 
over are used. General-purpose mo- 
tors are usually of the induction 
type, but for air compressors (pro- 
vided mechanical unloaders are 
used), blowers, pumps, motor-gen- 
erator sets, drives requiring several 
hundred horsepower, and similar ap- 
plications, where the starting torque 
required is less than 50 per cent of 
full-load torque and where the mo- 
tors are running for long periods of 
time, the straight synchronous-type 
motor is well suited. Synchronous 
motors are built in three ratings— 
80 per cent, 90 per cent (leading 
power factor) and 100 per cent, or 
unity power factor. The 80 and 90 
per cent motors are used for power 
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Fig. 2—Substituting 350 hp. in 
synchronous motors for induction 
motors raised the power factor from 
60 per cent to 85 per cent. 


The original conditions are represented 
by the triangle whose sides are ABC. 
With meter readings of 120,000 kw.-hr. 
and 160,000 reactive hours, the power 
factor was 60 per cent. The installa- 
tion of 350 hp. in synchronous motors 
gave the conditions shown by triangle 
ADC, where a consumption of 120,000 
kw.-hr. with a reduction to 74,400 re- 
active hours gave a resultant power 
factor of 85 per cent. 





factor correction. In some cases 
over-size motors are installed and 
operated at reduced loads in order to 
obtain a greater corrective effect. 
This practice is not generally to be 
recommended, however, as it means 
a sacrifice in operating efficiency. 
Using properly rated motors in suffi- 
cient numbers to correct the power 
factor to the desired point is much 
more efficient, although it is slightly 
more expensive from the standpoint 
of initial investment. Frequently the 
use of 90 per cent power factor mo- 
tors is preferred to the 80 per cent 
type, because of the smaller line cur- 
rent drawn by the former. This is 
especially true where induction mo- 
tors are replaced by the synchronous 
type in old installations, as new 
feeders would be required with the 
80 per cent motors. 

The size of the synchronous mo- 
tors required can be calculated if 
the total kilowatt hours consumed 
per month and the effective power 
factor are known. Referring to 
Fig. 2, assume that the kw.-hr. are 
120,000 and the power factor is 60 
per cent. In order to determine the 
size of synchronous motors to be sub- 





Fig. 3—Synchronous motors can 
usually be used to advantage on air 
compressor drives. 


This is an Electric Machinery Mfg. 
Co., unity-power-factor synchronous 
motor which is rated at 100 hp.. 60 
cycles, 220 volts, 257 rpm. It is 
direct-connected to a standard air com- 
pressor in the plant of the St. Louis 
Frog & Switch Co., St. Louis, Mo. 
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stituted for induction motors in 
order to correct the power factor to 
85 per cent, the number of “reactive- 
hours” is first computed. In Fig. 2, 
side BC represents the “reactive- 
hours” at 60 per cent power factor. 
As explained in the articles in the 
July and August issues, 


BC = VAB’ — AC’ 
and AB = AC — power factor = 
120,000 — .60 — 200,000 
Therefore, BC = \/ (2? — 1.2”) K 10” 
= 160,000 
Referring to the chart on page 310 
of the July issue, showing the ratio 
of reactive hours to kilowatt-hours, 
or to the curve on page 356 of the 
August issue, the ratio of reactive 
hours to kilowatt-hours at 60 per 
cent power factor is found to be 
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160,000, which checks with the cal- 
culations made before. 

At 85 per cent power-factor DC 
represents the reactive hours and is 
found to be 74,400, when computed 
in the same manner as BC. Sub- 
tracting DC from BC (160,000 — 
74,400) leaves 85,600 reactive hours. 
In short, to correct the power factor 
from 60 per cent to 85 per cent 
85,600 reactive hours must be elimi- 
nated. Normal plant operation being 
250 hr. per month, the average re- 
active kva. required is 85,600 divided 
by 250, or 342 reactive kva. 

With 90 per cent efficiency and 80 
per cent leading power factor at full 
load, synchronous motors will de- 





Fig. 4—-These curves show the cor- 
rective kva. capacity of 80 per cent 
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liver .62 reactive kva. per horse- 
power. Large induction motors will 
require .386 reactive kva. per horse- 
power, at 90 per cent efficiency and 
92 per cent power factor. There- 
fore, the synchronous motor horse- 
power required when substituted for 
induction motors is equal to 342 ~— 
.62 + .386 = 349 hp. 

Fig. 4 shows the corrective kva. 
of 80 per cent power factor syn- 
chronous motors, and affords a con- 
venient means of calculating the 
sizes required. In the present case 





Fig. 5—Reactive kva. of 1,200- 
r.p.m., squirrel-cage, polyphase, in- 
duction motors. 





[INDUSTRIAL ENGINEER 






ie 


250 React: 





54, 


lL 108,750 Reactive hours _ | ive hours 
~ at 87.5% PF. ----<-Jeading 





hours at60% PF 





160.000 Reactive 














72.550 Kw-hi: 
(adlded 350 Hp) 


the curve shows that a 100-hp. motor 
supplies 62 reactive kva. at 100 per 
cent load. In other words, an 80 
per cent power factor motor supplies 
.62 reactive kva. per horsepower, re- 
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Fig. 6—In this case adding a 350- 
hp. synchronous motor to an exist- 
ing installation of induction motors 
raised the power factor from 60 
per cent to 87.5 per cent. 





gardless of motor size. Similarly, 
Fig. 5 shows that a 100-hp. induc- 
tion motor at full load requires 36 
reactive kva., or .36 reactive kva. per 
horsepower. By making use of these 
two curves the calculations can be 
made quite easily. 

In the case given above the horse- 
power required was found to be 349. 
In order to allow for load factors and 
other variables, 375 hp. of motors 
should be changed. It is interest- 
ing to note that the calculations show 
the corrective kva. required to be 
just about equal to the horsepower 
of motors to be changed. This may 
be followed as a general rule in mak- 
ing hurried or approximate estimates. 
The largest units should always be 
changed; for example, in the case 
given above it would be best to 
change one 200-hp. and one 175-hp. 
unit, if such sizes are present. The 
reason for this is that the cost per 
corrective kva. is always less in the 
larger units than in the smaller 
sizes. Operating advantages favor 
the smaller units, but inasmuch as 
the synchronous motors are not 
available except in the larger sizes, 
this consideration need not enter 
into the discussion. 

It will be noted that the above 
explanation is founded upon the 
“reactive hour-kilowatt-hour” system 
of metering. In case the power rate 
is based upon the kva. demand, or 
power is obtained from the con- 
sumer’s own generating equipment, 
the same reasoning applies, but the 
values of the various sides of the 
power factor triangle, shown in 
Fig. 2, will be expressed in kw., re- 
active kva., and kva., rather than 
kw.-hr., reactive hours, and kva.-hr. 
Values for maximum demand should 
be used. 

In case a synchronous motor is to 
be added to the present load, instead 
of being substituted for an existing 
motor, it may be desirable to calcu- 
late the resultant power factor. Re- 
ferring to Fig. 6, the same data are 
used as for Fig. 2, except that it is 
assumed that a 350-hp., 80 per cent 
synchronous motor is to be added to 
the load. 

For 250 hr. operation per month, a 
350-hp. motor delivers 54,250 reac- 
tive hours leading (250 XK 350 X 
.62). Then subtracting 54,250 from 


160,000 leaves 105,750 reactive hours. 
The kilowatt-hours are increased by 
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Fig. 7—Substituting 105 hp. in 
Fynn-Weichsel motors raised the 
power factor of this load from 60 
per cent to 87 per cent. 





the amount used by the added motor, 
250 XK 350 * .746 ~— .90 = 72,550 
In the above formula .746 is the fac- 
tor for converting from horsepower 
to kilowatts, and .90 is the motor 
efficiency. The resultant power fac- 
tor can now be found from the ratio 
of reactive hours to kilowatt-hours. 
As the ratio is 105,750 divided by 
(120,000 plus 72,550), or .55, the 
power-factor is found from the chart 
to be 87.5 per cent. 

Attention is directed to the fact 
that if a unity power factor syn- 
chronous motor is added to the above 
load the power factor will be raised, 
as the kilowatt-hour component is 
increased and the ratio of reactive 
hours to kilowatt-hours is made less. 
In this particular case, the reactive 
hour component would remain the 
same (160,000), but the kilowatt- 
hours would be increased to 192,550. 
The power factor corresponding to 
the ratio of 160,000 divided by 
192,550 (.832) is 77 per cent, as com- 
pared to 60 per cent before installa- 
tion of the 350-hp. unit. Similarly, 
if an electric furnace load of 290 kw. 
(equivalent to 350 hp. in motors) at 
100 per cent power factor is added, 
the power factor would be raised 
from 60 per cent to 77 per cent. 

Fynn-Weichsel Motors — Fynn- 
Weichsel motors may be used for 
power factor correction and have a 
wide application because of their 
high starting torque, induction mo- 
tor range of sizes, and simple operat- 
ing requirements. These motors 


start on the slip-ring induction mo- 





Fig. 8—This shows the corrective 
kva. capacity of 1,200-r.p.m. Fynn- 
Weichsel motors. 
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tor principle and have starting 
torques ranging from 150 per cent of 
full-load torque up to much higher 
values in some ratings. Many plants 
have applications where synchronous 
motors cannot be used on account of 
starting requirements. Often, too, 
there are no large units which can 
be changed to corrective motors, and 
in such cases a number of the smaller 
Fynn-Weichsel motors can be used 
to accomplish the desired result. 
Standard-type, slip-ring starting 
equipment is used and can be oper- 
ated by anyone familiar with induc- 
tion motor control. 

The same methods are used to de- 
termine the size of Fynn-Weichsel 
motors required as have been ex- 
plained for the synchronous motors. 
It will be noted from Fig. 8 that in 
comparable sizes the corrective ef- 
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Fig. 9—Installation of a 342-kva. 
static condenser raised the power 
factor of this system from 60 per 
cent to 85 per cent by supplying 
85,600 reactive hours (leading). 
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Fig. 10—The kva. required to raise 
the power factor to any desired 
value may be determined from this 


chart. 


Locate on the bottom line the figure 
corresponding to the present power 
factor; then follow this vertical line 
up to the point where it intersects the 
curve corresponding to the desired 
power factor (85, 90, etc., per cent). 
Follow this point of intersection hori- 
zontally to the corresponding figure at 
the left, which represents the reactive 
kva. required, in terms of per cent of 
kilowatts. 





fect of these motors and synchronous 
motors is much the same, whereas 
the smaller Fynn-Weichsel motors 
operate at a power factor of about 
90 per cent, and, therefore, supply 
a smaller amount of corrective effect. 

A typical case where Fynn-Weich- 
sel motors are used for power fac- 
tor correction is one where one 75-hp. 
and two 15-hp. motors were substi- 
tuted for induction motors. This 
load is represented by Fig. 7. Us- 
ing Fig. 5, the lagging reactive kva. 
of each 15-hp. induction motor is 6 
and of the 75-hp. induction motor, 28. 
Fynn-Weichsel motors of correspond- 
ing horsepower have 8 reactive kva. 
(leading) for the 15-hp. size and 36 
reactive kva. for the 75-hp. unit, ac- 
cording to Fig. 8. Adding lagging 
and leading reactive kva. (12 + 28 
+ 16 + 386) gives a total of 92. 
For 250 hr. operation per month, 
the total reduction in reactive hours 
is 250 XK 92 = 23,000. The reac- 
tive hours at 60 per cent power fac- 
tor for 30,000 kw.-hr. are 39,900. 
The substitution of the three Fynn- 
Weichsel motors reduces this to 
39,900 — 23,000 —~-16,900 reactive 
hours; and the power factor cor- 
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Fig. 11—Here is an instance where 
a static condenser is used to raise 
power factor. 


This illustration shows one, three- 
phase, 60-cycle, 180-kva., 2,300-volt 


Capacitor (General Electric Co.) in- 
stalled by the Electric Autolite Co., 
Fostoria, Ohio. 





responding to the ratio of 16,900 
divided by 30,000 (.563) is 87 per 
cent. 

If the same Fynn-Weichsel mo- 
tors were added to this load, instead 
of being substituted for other mo- 
tors, the power factor would be 
raised to 89 per cent, as the reactive 
hours would be reduced by 250 
(36 + 2 X 8) = 13,000, and the 
kilowatt-hours would be increased by 
250 & (105 X .746) ~ .88 = 22,250. 
The ratio of reactive hours to kilo- 
watt-hours is (39,900 — 13,000) ~— 
30,000 + 22,250 = .515. 

Therefore, power factor equals 89 
per cent. 

An addition to a plant may include 
a number of motors, part of which 
can be of the corrective type, while 
the others must be of the induction 
type for operating reasons. In such 
cases the lagging reactives of the in- 
duction motors and the leading re- 
actives of the corrective motors can 
be calculated and the resultant power 
factor found. 

Static and Synchronous Condensers 
—When it is undesirable to replace 
induction motors with the power- 
factor-correcting types, on account 
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of operating difficulties (such as aré 
encountered in metal working plants, 
for instance, where the abrasive 
dust might preclude the use of any 
but squirrel-cage type motors) or 
for any other reason, static con- 
densers can best be used. The 
multiple-unit type is preferred to 
the individual-motor type on account 
of lower initial and maintenance 
costs, as well as installation and op- 
erating considerations. Both the 
2,300- and 400-volt types are available. 
The lower-voltage condensers are 
preferred, as the low power factor is 
corrected before it reaches the trans- 
formers. However, the losses charge- 
able to the condenser are between 
24 and 3 per cent with the low- 
voltage type, as an auto-transformer 
is required, whereas the 2,300-volt 
units have only about 3 per cent loss. 
Recently low-voltage condensers op- 
erating without transformers have 
been developed, and will probably 
take the place of the 2,300-volt units. 

Referring to Fig. 9, a load of 
120,000 kw.-hr. at 60 per cent power 
factor has 160,000 reactive hours. 
The same load at 85 per cent power 
factor has 74,400 reactive hours. 
Then 160,000 minus 74,400 is 85,600, 
which must be supplied by a static 
condenser to raise the power factor 
from 60 per cent to 85 per cent. As- 
suming 10 hr. operation per day and 
25 days per month, the size of con- 
denser required is equal to 

85,600 — (25 K 10) = 342 kva. 
With 23 per cent loss and power cost- 
ing 2 cents per kw.-hr., the monthly 
operating cost of such a condenser is 
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.025 &K 342 &K 250 XK .02 = $42.75, 
or $513 per year. 

In case the condenser were op- 
erated 24 hrs. per day and 30 days 
per month the size required would 
be, 85,600 — (24 & 30) = 119 kva. 

It should again be noted that the 
above calculations are based upon 
the “reactive hour-kilowatt-hour” 
system of metering. If the power 
factor at the time of maximum de- 
mand is to be raised, the term 
“hours” should be omitted from the 
calculations and the values of power 
factor, kilowatts and reactive kva. 
taken at the time the maximum is 
created. 

Fig. 10 shows a simplified method 
of calculating condenser sizes re- 
quired to raise the power factor from 
one point to another. For example, 
assume that the monthly kilowatt- 
hours are 100,000 and the power 
factor 80 per cent, and it is desired 
to raise the power factor to 100 per 
cent. The intersection of the verti- 
cal line of 80 per cent initial power 
factor with the line of 100 per cent 
final power factor is at the 75 per 
cent line corresponding to “correc- 
tive kva. required in per cent of 
kw.” Therefore, the reactive hours 
required to raise the power factor 
from 80 per cent to 100 per cent are 
75 per cent of 100,000, or 75,000. At 
250 hr. operation per month this 





Fig. 12—In this case an individual 
static condenser is installed for each 


motor. 

The low-voltage Capacitor shown here 
is installed to correct the power fac- 
tor of the motor which drives a full- 
fashioned hosiery machine. 
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would mean that a 300-kva. con- 


denser is needed. Following the 
same method of reasoning, a 1,000- 
kw. load requires a 750-kva. con- 
denser to raise the power factor from 


-80 per cent to 100 per cent. 


The size of synchronous condenser 
required for power factor correction 
can be calculated in exactly the same 
manner as was described for static 
condensers (neglecting the effect of 
the condenser losses on the power 
factor; which is small). 

The use of synchronous con- 
densers in industrial plants is sel- 
dom justified on account of the 
heavy operating expense, rotating 
condensers having losses ranging 
from 5 to 10 per cent of rated 
capacity. Unless power is unusually 
low priced the cost of operation is 
excessive and one of the three other 
methods of correcting power factor 
will usually be found best. Some- 
times there are available unused 
synchronous motors which can be 
converted into synchronous con- 
densers quite easily; in such cases 
their use may be economical, al- 
though this is somewhat doubtful. 

It is frequently found that the 
use of two or more types of correc- 
tive equipment is required in a plant 
to obtain power factor correction 
most economically. Conditions may 
be such that the number of motors 
which can be changed to the correc- 
tive type is not sufficient to give all 
of the correction required, and the 
use of a condenser in addition to 
such motors as may be changed will 
give the required correction. 

Although it is not within the 
province of this article to point out 
the advantages of electric heating as 


, applied to industrial processes, it 


may not be out of place to mention 
again the fact that all resistance- 
type heating equipment operates at 
unity power factor and helps to 
raise the power factor of a plant 
system by increasing the kilowatt- 
hour consumption, while the reactive 
hours will remain the same. If the 
nature of the manufacturing proc- 
esses is such that electric heating 
equipment can be employed to ad- 
vantage, its use should be considered. 

In any case it is necessary to make 
a careful study of all of the various 
factors that have a bearing on the 
problem, before definitely selecting 
the methods and equipment to be em- 
ployed in raising the power factor. 

A subsequent article that will ap- 
pear in an early issue will discuss 
in detail the question of how high it 
pays to correct power factor. 
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Insulation on Magnet Wire 


for Repair Shop Work 


together with handy tables that will help in replac- 
ing round wire with square wire of the desired 
carrying capacity and type of insulation. 


By A. C. ROE 
and 
D. H. BRAYMER, 


Consulting Editor, Industrial Engineer 


wire used in repair work were 

presented. In this article the 
subject of insulation is discussed 
from the standpoint of adequate in- 
sulation for different work, and the 
substitution of different insulation 
so as to meet the space, dielectric 
and temperature requirements of 
difficult jobs calling for changes in 
wire sizes or their normal carrying 
capacity. 

Single - Cotton - Covered Wire.— 
Single-cotton-covered magnet wire 
has a small field of application, as 
the single covering provides very 
little added insulation and _ its 
mechanical protection is low. Its use 
is confined to small shunt field coils 
that have a large number of turns 
and are wound to final shape; that is, 
coils that are wound straight and not 


[: THE August issue, data on the 





replacing small coils wound only 
with single-cotton-covered wire. 

Double-cotton-covered magnet wire 
is the most widely used in the con- 
struction and repair of electrical ap- 
paratus, and is made up as round, 
square and ribbon wire. The cover- 
ing consists of a good quality of un- 
bleached cotton yarn, applied in two 
layers. The layers are put on in 
opposite directions so that both can- 
not be unwound at once, the top 
layer being unwound in a clockwise 
direction and the bottom layer in a 
counter-clockwise direction. Hach 
wrapping should be firmly applied, 
be continuous and free from lumpy 
splices, and when bent around }-in. 
radius at 90 deg., the copper should 
not show through. 

The mandrel test as explained for 
enameled wire (August issue, page 
364) can be applied to d.c.c. wire for 
breaking down to ground, one layer, 
and between layers. The total thick- 
ness of insulation between both 
walls will vary from .009 in. to .018 
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WHEN rewinding motor and 
magnet coils it is frequently 
necessary to make changes 
in the wire sizes or kind of - 
insulation used, in order to | 
reduce the operating tem- | 
perature, or get a certain | 
number of conductors in a 
given slot space. In this 
article some of, these dif- | 
ferent conditions are dis- | 
cussed and tables given from 
which information § can 
quickly be obtained on the 
possible standard sizes of 
wire to use and the insula- 
tion that can be employed. 


























slight pressure should be used with 
the micrometer. 

In the article that appeared in the 
August issue (page 366), Table IV 
showed the insulated size of d.c.c. 
round wires. Table I of this article 
gives the total insulated size in deci- 
mals and fractions for d.c.c. round 
wires, from No. 4-0 to No. 19 B& § 
gage. The first vertical column lists 
the size of the wire in the B & S 
gage number. Then the top hori- 
zontal line gives the number of 
wires for which it is desired to know 
the space required for a given num- 
ber of wires lying side by side. 

For example, assume that we have 
a puller coil wound with eight turns 





















































bent. A good grade of enameled in. according to the size and kind of of three No. 9 d.c.c. wires. It is de- 
wire is preferred in repair work for wire. In gaging insulated wire a sired to know: (1) The wire space 
Table I—Wire Table for Figuring Coil Size and Shellacked Strips 
When Using D.C.C. Round Copper Wire 

No. of Wires 1 2 3 4 5 6 7 8 9 10 

Size Wire DijF/ID)F/I/D)jFI| DFID) FILD)IFI|D;FI|DIFI|Dy,FIi DF 
4-0 .478 | | .956 # 1.434] 122 |1.912 1 2.39 | 23% |2.86 | 28% 13.34 | 344 |3.82 | 338 |4.30 | 492 |4.78 | 4 
3-0 428 | # | .856 1.284 | Igy [1.712 | 14§ |2.24 | 248 [2.56 | 2a 12.94 | 248 13.42 | 342 13.85 | 395 14.28 | 4% 
2-0 .383 | ¢ | .766| 3 [1.149 | Ie& [1.532 | 14 [1.915 | 19 12.29 | 248 12.68 | 242 13.06 | 35 [3.44 | 3x% [3.83 | 395 
0 343. | | .686( H [1.029 | 1a [1-372] 18 [1.715 | 14 [2.05 | 243 [2.401 | 282 12.74 | 24: |3.08 3% 3.43 | 39 
I 307] 4] 614] a] .921 ff ef 11.228 | tay [1.53 | 1H [1.84 | 18 12.14 | 2& [2.45 | 28 |2.76 | 24 13.07 | 3% 
2 276} 4] .552| |] .828] $2 |1.104 Fi 1.372 | 12 [1.65 | 134 ]1.93 | 14% 12.20 | 248 [2.48 | 28 12.76 2 
3 .247| 3 | 494] & | 741] $F | .988) 11.235] 4b 1.48 | 1a n.72 «| 18 [1-97 | 1 [2.22 | 2e5 12.47 | 2 
4 .222| wy | .444| ve] .666| 8 | 888] $F 11.110] tee 11.33 | 18 11.55 | rae ft77 | 1g |t.99 | 22/222 | 2g 
5 199 i 398 | #1] 597] HH] 796] BY] .995] $1119 | ie 11.39 | rab 11-59 | 1a 11.79 | re [too | 18 
6 .178 356] WH] 534] HH] 712] ] .890] HH ]t-06 | iy {1.24 | db 11.42 | 1a leo | 1 ft.78 | 18 
7 160] | .320| & | .480| # | .640 .800 . 960 1.12 | tae [1.28 | tes 0.44 | rab {too | 18 
+ 1143 | & | .286| & | .429!| #| .572 4 :715 ii 858 Hi 100 | 1. |tt4 | tae [028 | tae 4043 | ee 
9 .126] % | .252| 2 | .378| # | .504] 4 | 1630] § | 7756] 3 | .882| ¢ [1.00 | 1 [1.13 | We |t-26 | 13 
10 12] & | 224] | .336 # 448 560 | | .672| #1] .784| | .896] [1-00 11 [1.12 | 1% 
HW 101} | .202] 48] 303 . 404 i :505| 3 | .606| | .707| #] .808| #] .909] # ]l.o1 | 1 
12 091 | & | 182) a] .273| | 364] a] 455] a] .546] 38] 637] & | .728| BH] 819] 2] .91 i 
13 082} & | .164) & | .246] 4 | 328] &] 410] #] 492] BH] 574] we] 656] | .738] HH] .82 
14 073 | vs | .147| & | .219| | .292] | 1365] #4 ]..438 if 511 | 4 | .584| 8] 657] 1-73 | # 
15 1066 | ve | .132] 4 | .198 if 264 | # | |330 i "396 | #1 .462| 2] .528| #| 594] #1] .66 | # 
16 1059) &] 119] & | 179 .239 | 4] .299 358 | #1 .418| #1] .478| 2] 538] |] 1598] #8 
17 054] &].108| & | .162| & | .2168 .271 .355| | .379| | .433] | .487] 4 | 542] # 
18 049 | .& | 098] we] 148] & | 2197 7 246 i 1295 | 48] .345| | .394| # | .443 i 493 | # 
19 044 | & | 089] & | .134| 4g | [179 if 1224| we] .259| 4 | .314| we | .359] | .404 449 | 







































































and the nearest smaller fraction. D= Decimal. 





The first column gives the B & S gage; the top line gives the number of wires wide and under each number of wires wide is given the width in decimals 


F= Fraction. 
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Table I1I—Winding Data for Square D.C.C. and T.C.C. 
Copper Magnet Wire 
Per Cent 
Area of Copper Increase 
B&S Bare Radius Cross D.c.c. T.c.c. H 
Gage | Diameter of Square Sectional] | Insulation | Insulation 
Size Inches Corners | Cire. Mils Inches Area Diam. Diam. 
- Copper 
0000 - 460 rs 265,152 0. 20825 25.3 0. 483 0.497 
000 410 re 209,345 0. 16442 24.75 . 433 442 
00 . 365 vs 165,037 0.12972 24.00 . 388 .397 
0 .325 vs 130,124 0. 10220 23.34 . 348 oped 
1 . 289 vs 102,292 0.08034 22.23 312 dai 
2 . 258 vs 80,203 0.06300 20. 84 . 281 . 290 
3 . 229 ts 62,732 0.04927 19.20 . 252 . 261 
s . 204 & 50,737 0.03985 21.56 aed . 236 
5 . 182 & 39,725 0.03120 20.00 205 .214 
6 162 va 32,340 0.02540 23.20 . 183 .191 
7 . 144 vs 25,439 0.01998 22.18 163 BP 
8 .129 Pel 19,951 0.01567 20. 84 146 453 
9 114 .02 16,221 0.01274 23.90 ~ 129 ;435 
10 102 .02 12,783 0.01004 23.15 a5 . 120 
Il 0907 .02 10,033 0.00788 21.84 . 103 . 108 
12 . 0808 .02 7,868 0.00618 20. 49 093 .098 
13 0720 .02 6,162 0.00484 19.00 . 083 . 088 
































required in the shuttle for three 
No. 9 d.c.c. wires. (2) The puller 
jaw space for No. 9 d.c.c. wires 
placed eight deep and three wide. 
This information is found as fol- 
lows: Consult Table I and find No. 
9 d.c.c. size in the first column. In 
the column marked 3, we find .378 
and the nearest fraction 3 in., which 
is the width required for three wires 
wide. From the column marked 1, 
the depth for eight No. 9 d.c.c. wires 
is found to be 8 x in. or 1.00 in. 
space. The fraction column gives the 
nearest smaller fraction, the smaller 
size being selected to permit of the 
table being used to give the size of 
shellacked strips in fractions. Since 
these strips are used to cement the 
wires together under pressure (as 
will be explained in a later article on 
coil construction) these strips must 
not project beyond the coil wall. 
Table II gives data for square 


d.c.c. wire and corresponds to Table 
I, except that the figures differ due 
to a slight increase in the insulation 
used on square wire. 

Table III gives the maximum in- 
sulated sizes of square d.c.c. and 
t.c.c. (triple-cotton-covered) magnet 
wire. Column 6 of Table III gives 
the per cent increase in copper 
gained by substituting a square wire 
for the corresponding round wire. 
For example, a No. 10 round wire has 
an area of 10,280 circ.mils and a 
No. 10 square wire an area of 12,783 
circ.mils, or an increase in copper 
of 23.15 per cent. 

Table III and Table IV (August is- 
sue, pages 365 and 366 will be useful 
in making up coils of any description 
for magnets, fields, or armatures. 
For example, assume that a machine 
runs hot and, while rewinding, we 
find the armature was wound with 
No. 8 round wire and the shunt field 
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with No. 18 d.c.c. round wire. By 
using No. 8 square wire we gain 
20.84 per cent copper in the arma- 
ture, and by using No. 138 square 
wire, if the room permits, in the field 
coil, we gain 19 per cent more cop- 
per, which will cool the motor down 
considerably. The lower resistance of 
the field will affect the regulation, 
but this can be taken care of with- 
out any appreciable trouble. The 
square wire in the armature coil 
will not call for a change in the com- 
mutator slotting, but care must be 
taken that the wire has its right and 
left sides vertical before attempting 
to drive it into the commutator neck, 
and also in winding the coil. Fig. 1 
explains the reasons for the above 
statement. In Fig. 1A a round wire 
4 in. in diameter is shown, and in 
Fig. 1B a square wire is shown. The 
4-in. side of the square wire is equal 
to the diameter of the round wire, 
but the diagonal dimension of the 
square wire is equal to the square 
root of the flat dimension, or .707 in. 
and would not go in a 3-in. slot. 

When winding coils with square 
wire it is important to watch the 
Nos. 18, 12, 11 and 10 B & S gage 
sizes, for these smaller sizes are 
hard to keep flat while winding. 
When they are not kept flat the con- 
dition shown in Fig. 1C will be the 
result. The corners tend to cut into 
the upper and lower turns and the 
danger of shorts between turns is 
increased. Also, the width and 
depth of the coil is increased, depend- 
ing on the angle of twist. 

Table IV gives the bare and insu- 
lated sizes of d.c.c. ribbon wire and 
also the area in circ.mils and square 
inches. The bare wire sizes are 





















































































































and the nearest smaller fraction. D= Decimal. 








Table II—Wire Table for Figuring Coil Size and Shellacked Strips 
When Using D.C.C. Square Copper Wire 
No. of Wires 1 2 3 < 5 6 7 8 9 10 
B&S No. D F D F D F D F D F D F D F D F D F D F 
4-0 . 483 # | .966 #% 11.449 ig 1.93 1# |2.41 2# |2.90 2H |3.38 3% «3. 86 3it 4.34 4% | 4.83) 48 
3-0 . 433 # | . 866 $i (1.299 | 1 Be 14 {2.16 i 2.60 2a 3.03 3yy 13.46 3 3.90 3% | 4.33) 48 
2-0 - 388 # | .776 #2 41.164 | Ts [1.55 1# |1.98 1 2,33 2 2.76 2% 43.10 335 |3.49 34 3.88 3h 
0 348 it . 696 # 11.04 lee 1.39 12# |1.74 14 [2.09 23; {2.43 aif 2. 88 3 Be be An 3.48 | 3 
1 -312 vs | .624 $ 936 # 11.24 14 11.56 1% | 1.87 1% {2.18 2 2.49 2 2.80 2 5.42 1 oF 
2 . 281 fz | .562 ve | . 843 # {1.12 14 [1.40 133 |1.68 14 |1.96 1# |2.24 14 |2.52 2 | 2.81) 2 
3 . 252 3 . 504 . 756 # 11.00 1 1.26 14 {1.51 7‘ 1.76 1# |2.01 iH 2.26 2% | 2.52] 2 
4 .227 vx | .454 4 . 686 #% | .908 # 1.13 14 [1.36 1 1.58 1% |1.81 1 2.04 2 eat @ 
5 . 205 # | 410 .615 # | .820 $e 11.02 Ile {1.23 Ixy | 1.43 is 1.64 1% |1.84 1 2.05 iif 
6 183 # | «.366 # | .549 # | 732 # | .915 #% |1.09 12 | 1.28 1 1. 46 1#% |1.64 1 3.8319 
7 163 fr | .326 # | .489 3 . 652 #4 | .815 if .978 #% |1.14 lee |1.30 12 | 1.46 145 | 1.63 ih 
8 . 146 e& | .292 ts | .438 f - 584 3i | .730 . 876 ¥ {1.02 '% 1.16 1% [1.31 15 | 1.46] 1 
9 .129 $ . 258 + . 387 -516 # .640 # | .774 # | .903 1.03 '" 1.16 13] 1.29) Is 
10 . 115 ex | .230 gx | .345 4% | .460 579 vs | .690 # | .805 #4 | .920 1.03 'f 1.15] l& 
I! . 102 vr | .204 Hi | .306 4 | . 408 # | .510 4 612 # 714 #i | .816 | .918 1.02] l& 
12 .092 fs | . 184 # | .276 i | .368 # | .460 # | .552 # | .644 #8 .736 . 827 ir .92 
13 . 083 & | .166 fs | .249 4 5 3an # | .415 | «493 #| .581 # | .664 ff 747 3 . 83 i 
The first column gives the B & S Gage, the top line gives the number of wires wide and under each number of wires wide is given the width in decimals 


F= Fraction. 
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based on the B & S round wire gage. 
As can be seen, the thickness is 
given as .051 in., .057 in., .064 in., 
which corresponds to Nos. 16, 15, 14, 
round wire and the smallest width is 
given as .072 in., .081 in., .091 in., 
and so on. 

Table IV is also useful in substi- 
tuting a ribbon wire for a number 
of round wires in parallel. For ex- 
ample, consider a puller coil wound 
with six turns of four No. 15 d.c.c. 
round wires in parallel, this coil be- 
ing wound in layers and used in the 
stator winding of an induction motor. 
As will be noted this is a hard coil 
to wind, as the wires are small and 
will not hold together. By consult- 
ing Table IV, locate the thickness 
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.057 corresponding to No. 15 round 
wire and find a width equal to four 
No. .057 wires, or .228 in. The near- 
est size from Table IV is .057 in. by 
.204 in. The circ.mil area of one 
No. 15 is 3,257 circ.mils (see Table 
IV, August issue, page 366). Then 
four No. 15 wires equal 4 X 3,257 
or 13,028 circ.mils. The area of one 
.057-in. x .204-in. ribbon wire is 
14,100 cire.mils which is a gain in 
copper, and also a gain in room, as 
the insulated diameter of one No. 15 
wire is .0661 in., and the width of the 
four (Table I) gives .264 in. The 
insulated width of the ribbon (Table 
IV) is .16 in. or a gain of (.264 in. 
— .216 in.) equals .048 in., which can 
be used for better insulation and a 
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smaller coil, as the winding angle of 
the coil ends could be decreased. 

From the above it is obvious that 
by a careful checking of these wire 
tables and the proper selection of 
wire sizes, a considerable saving can 
be made in almost any coil, and not 
only a cheaper and quicker job made 
possible, but a better coil construc- 
tion as well. 

Table V gives the sizes of bare, 
soft-drawn copper strap used in coil 
construction or busbar work. 

Table VI gives the weights, re- 
sistances, etc. for single- and double- 
cotton-covered magnet wire. 

As already mentioned, double-cot- 
ton-covered wire has the widest 
range of use in the rebuilding of 













































































Table I[V—Winding Data for D.C.C. Copper Ribbon Wire 
Horizontal lines separate equivalent B. & S. gage sizes for round wire. 
Size Area of Copper Size Area of Copper 
Bare Insulated OSes. Bare Insulated Cire. 
Mil Sq.In. re 2 7 z Mils Sq.In. 
Thickness Width Thickness Width ‘aioe Thickness Width Thickness Width 
0.0126 0. 1875 0.0295 0.2015 2,964 0.00233 072 051 . 083 062 3,990 00314 
0126 . 2500 0295 . 2645 3,967 00312 072 091 083 . 102 7,660 00602 
072 . 102 085 114 8,670 00681 
0159 . 1870 . 0330 2015 3,727 00292 .072 114 085 125 9,770 00767 
0159 . 2500 . 0330 . 2645 4,992 . 00392 072 129 - 086 140 11,100 00875 
072 144 . 086 155 12,500 00983 
016 . 258 . 035 . 270 5,190 00407 072 . 182 . 087 194 16,000 0126 
072 . 204 . 087 216 18,000 0142 
.020 . 250 . 037 . 265 6,288 00494 .072 . 258 . 088 .271 23,000 0180 
.020 . 258 039 . 270 6,460 . 00507 072 325 . 088 . 338 29,100 0229 
025 . 250 . 043 . 264 7,909 006212 .081 051 092 062 4,580 . 0036 
025 . 258 043 . 270 8,040 00632 . 081 057 092 . 068 5,200 00408 
025 . 365 045 .377 11,400 00899 081 . 102 094 114 9,840 00773 
081 114 094 . 126 11,100 00870 
. 0285 . 120 045 . 133 4,133 00325 .081 129 095 141 12,600 00991 
. 0285 . 150 045 . 164 5,222 00410 081 .144 095 156 4,200 Olll 
0285 . 207 045 .221 7,291 00573 081 . 162 095 175 16,000 0126 
.081 . 182 096 195 18,000 0142 
. 032 . 102 .047 112 3,880 00304 . 081 . 204 096 217 20,400 0160 
. 032 129 048 . 132 4,980 00391 081 . 258 097 272 25,900 0204 
. 032 . 182 049 . 193 7,140 00560 081 325 .098 .339 32,800 0258 
. 032 . 258 050 . 270 10,200 - 00804 
. 032 . 360 052 377 14,600 0015 091 045 .101 057 4,660 00366 
. 032 375 052 . 387 14,999 01178 091 057 . 102 . 068 5,920 00465 
091 064 . 102 .075 6,730 00529 
040 102 055 112 4,760 . 00374 091 072 . 102 . 083 7,660 00602 
040 129 056 . 139 6,130 - 00482 091 . 102 . 104 115 11,100 00875 
. 040 . 162 056 173 7,810 00614 091 114 . 104 126 12,500 00984 
.040 . 204 057 .215 9,950 . 00782 091 .129 .105 141 14,300 0112 
- 040 . 258 058 270° 12,700 00998 091 144 105 . 156 16,000 0126 
040 325 059 .337 16,100 0127 091 . 162 105 175 18,000 0142 
.040 365 - 060 .377 18,200 -0143 -091 - 182 : 106 195 20,408 0160 
.04 : . 06 . 389 18,798 01476 ‘ ; 2 ; Y 
eo oe : 091 . 229 . 106 . 242 25,900 0203 
045 .091 057 .101 4,660 00366 091 . 258 . 107 . 272 29,206 0229 
045 129 . 060 140 6,840 00537 091 325 . 108 . 339 37,000 0290 
045 144 . 060 .155 7,700 00605 091 410 . 109 424 46,900 0268 
051 .072 062 . 083 3,990 00314 . 102 . 032 112 047 3,880 00304 
051 081 . 062 092 4,580 00360 . 102 040 112 055 4,760 00374 
051 . 102 064 113 5,940 00467 . 102 051 113 064 5,940 00467 
051 114 064 125 6,720 00528 . 102 064 13 077 7,630 00599 
.051 129 065 140 7,690 00604 . 102 072 114 085 8,670 00681 
.051 . 162 065 .173 9,840 00773 . 102 .081 114 094 9,840 00773 
051 . 182 066 194 11,100 00875 . 102 .091 115 . 104 11,100 00875 
051 . 204 . 066 .216 12,600 00987 . 102 114 15 127 14,100 Ol 
051 . 258 . 067 .271 16,100 0126 . 102 129 116 142 16,100 0126 
051 325 . 067 . 338 20,400 0160 . 102 144 a ¢ 8 18,000 0142 
051 . 365 . 068 .378 23,000 0181 . 102 . 162 me 176 ,400 0160 
. 102 . 182 118 196 23,000 0180 
057 .081 . 068 092 5,200 00408 . 102 . 204 118 .218 25,800 .0203 
057 091 . 068 . 102 5,920 00465 . 102 . 258 19 . 273 32,800 0258 
057 114 .070 : 125 7,590 - 00596 . 102 325 .120 .340 41,500 0326 
057 129 .071 140 6 . 006 
037 | 1204 “O72 (a St |? 123 “O70 71390 | “00896 
.0 . 204 072 216 10 - ; i y ; i 
vd 114 . 064 «8% -077 8,610 00676 
064 091 .075 .102 6,730 00529 114 072 125 085 9,770 00767 
- 064 . 102 .077 113 7,630 00599 114 - 081 . 126 -094 11,100 00870 
064 14 .077 125 8,610 00676 114 091 .126 104 12,500 00984 
064 129 .078 . 140 9,830 00772 114 . 102 127 115 14,100 i 
064 144 .078 155 11,000 00868 114 129 . 130 144 17,700 0139 
064 162 .078 .173 12,500 00983 114 144 . 130 . 159 19:900 0156 
. 064 . 182 -079 .194 14,100 O11 114 - 162 131 178 22,500 0176 
064 . 204 .079 216 15,900 0125 114 - 182 - 132 . 198 25,400 0199 
. 064 . 258 -080 .271 20,300 0160 114 . 204 ore .220 28,600 .0224 
- 064 Pb -080 - 338 25,800 - 0203 114 -229 132 245 2,200 -0253 
064 . 365 - 081 - 378 29,100 -0228 114 - 258 . 133 275 36,400 0286 
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electrical machinery. A_ stock of 
sizes from and including Nos. 18 to 
5 is required, the most popular sizes 
being Nos. 18, 17, 16, 15, 14, 13, 12, 
11, 10, and 9. Also, a stock of d.c.c. 
square wire in the sizes Nos. 13, 12, 
11, 10 and 9 can frequently be used. 

The cotton covering used on copper 
magnet wire is highly hygroscopic 
and will absorb from 5 to 8 per cent 
of its own weight of moisture when 
exposed to ordinary shop air. For 
this reason, it is considered good 
practice to bake any apparatus 
wound with untreated cotton-covered 
wire for a sufficient period to dry 
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out the moisture and then to dip or 
immerse the complete apparatus 
while hot in a good baking varnish. 

Untreated cotton covering on wire 


will start to turn yellow and carbon-- 


ize at a temperature of 175 deg. C., 
and at 225 deg. C. carbonization will 
be complete. Therefore, the highest 
safe continuous temperature for 
baking cotton-covered wire is 95 deg. 
C., which is equal to 203 deg. F. 
On an average, untreated, double- 
cotton covering between two layers 
of wire wound on a mandrel will 
puncture between 1,150 to 1,200 
volts, at 60 cycles. However, this 











Vol.84, No.9 





statement should not be taken to 
mean that a coil should be con- 
structed with untreated or unrein- 
forced double-cotton-covered wire 
when the voltage between layers or 
turns is above 25 volts. 

As a general rule, if the voltage 
between turns or layers is above 25 
volts, use extra insulation at points 
where there is any mechanical pres- 
sure exerted between adjacent wires. 
Field or magnet coils having a large 
number of turns and using No. 18 
and smaller sizes of wire can be 
wound hit-and-miss; that is, not in 
layers. Armature coils for d.c. and 


















































































































































































































































| Table IV—Winding Data for D.C.C. Copper Ribbon Wire | 
(Continued from page 417) 
Horizontal lines separate equivalent B. & S. sizes for round wire. 
Size Area of Copper Size Area of Copper 
Bare Insulated . Bare Insulated . 
|— — —. Sq.In. — — Sq.In. 
Thickness | Width Thickness Width si Thickness Width Thickness Width cane 
| 114 | 289 . 133 . 306 40,900 0321 . 204 114 . 220 . 132 28,600 0224 
14 | 2325 . 134 342 46,100 . 0362 | 204 .129 221 . 148 32,500 0225 
| 114 | 410 . 135 427 58,500 0459 . 204 144 . 222 . 163 36,400 . 0286 
Tt —_—---——-| ——- . 204 . 162 Bek: . 182 41,000 . 0322 
.129 .032 . 139 .048 4,980 . 00391 . 204 . 258 . 227 . 280 64,600 .0507 
129 | .040 139 056 6,130 . 00482 . 204 . 325 . 228 . 347 82,000 0644 
129 045 . 140 . 060 6,840 . 00537 — 
129 051 . 140 .065 7,690 . 00604 229 091 . 242 . 106 25,900 0203 
129 | .057 . 140 .071 8,680 . 00682 229 114 . 245 . 132 ,200 0253 
.129 | 064 . 140 .078 9,830 00772 . 229 .129 . 246 . 148 36,600 . 0287 
129 | = 072 . 140 . 086 11,100 00875 . 229 . 182 . 249 . 202 50,700 . 0398 
| .129 | = ..081 141 | 095 12,600 00991 . 229 . 289 . 252 312 79,900 0628 
| 129 | 091 | 141 |. 105 14,300 0112 
129 | .102 | .142 116 16,100 0126 . 258 .016 . 270 . 035 5,190 00407 
.129 | 1114 144 - 130 17,700 0139 . 258 .020 270 . 039 6,460 00507 
.129 . 162 147 .179 25,600 .0201 258 025 . 270 043 8,040 00632 
129 . 182 148 199 28,800 .0227 . 258 . 032 . 270 .050 10,200 00804 
129 204 . 148 .221 32,500 .0255 . 258 .040 . 270 . 058 12,700 00998 
129 . 229 . 148 . 246 36,600 . 0287 . 258 051 .271 .067 16,100 0126 
.129 . 258 . 149 . 276 41,300 . 0325 . 258 064 .271 . 080 20,300 0160 
. 129 325 . 150 343 52,300 0411 . 258 .072 .271 . 088 23,000 .0180 
.129 410 151 . 428 66,300 0521 . 258 081 .272 .097 25,900 . 0204 
~ 258 091 272 . 107 29,200 .0229 
144 045 155 .060 7,700 00605 . 258 . 102 273 119 32,800 0258 
144 | .057 155 -071 9,770 00767 . 258 114 275 . 133 36,400 . 0286 
144 | .064 155 .078 11,100 00868 . 258 .129 . 276 149 41,300 . 0325 
144 | 072) | «155 . 086 12,500 00983 . 258 144 . 276 . 165 46,300 . 0363 
144 | 081 . 156 095 14,200 Ori . 258 . 162 . 278 . 184 52,200 . 0410 
144 .091 . 156 105 16,000 0126 . 258 . 204 . 280 . 227 64,600 0507 
(144 | .102 .157 116 18,000 0142 . 258 . 365 . 284 . 389 116,000 0908 
144 114 .159 . 130 19,900 0156 si 
144 . 182 . 163 . 200 32,300 0254 . 289 114 307 . 133 40,800 . 0321 
144 204 . 163 .222 36,400 . 0286 . 289 144 307 . 165 51,900 . 0408 
.144 . 258 . 165 . 276 46,300 . 0363 289 . 182 310 . 204 64,600 . 0507 
144 . 289 165 . 307 51,900 . 0408 . 289 . 229 312 . 252 79,900 0628 
144 .325 . 166 344 58,500 0460 ‘ 
ae . 325 . 040 . 337 .059 16,100 0127 
. 162 . 040 .173 . 056 7,810 00614 325 051 338 . 067 20,400 0160 
. 162 051 .173 065 9,840 00773 325 064 . 338 . 080 25.800 . 0203 
. 182 229 . 202 . 248 50,700 0398 410 091 . 424 . 109 46,900 . 0368 
. 182 . 289 . 204 .310 64,600 0507 410 114 "427 1135 58,500 0459 
. 182 . 325 . 205 . 346 72,900 0573 410 . 129 . 428 151 66,300 0521 
82,200 
. 204 .040 215 .057 9,950 00782 
204 051 216 . 066 12,600 00987 i soon tig ee 
- 204 057 216 072 14,100 Ol! NOTE: The thickness of bare rib- “050 in. Half of 
_ ‘oes Hh oa y+ od eH bon wire in this table corresponds and under _ thicknes 
204 081 217 096 20,400 0160 to B & S gage round wire. Weight 082-108 in. 1081 in 
204 "091 217 106 23,000 0180 of copper per cubic inch = .321 Ib. "466 _'295 in. 1041 in. 
. 204 . 102 218 118 25,800 | 0203 : “296-.438 in. ‘063 in. 
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a.c. machines can be wound mush, or 
hit-and-miss, up to and including 
No. 14 wire for 110- and 220-volt 
motors. 

The heat-resisting properties of 
cotton-covered wires can be greatly 
increased by treating the coils with 
Liquid Bakelite. Dip armature coils, 
and paint each and every layer of 
field coils with this varnish and the 
Bakelite, when baked, makes the coil 
hard and solid and improves the heat- 
radiating qualities. Trip coils, 
blowout coils, and other small mag- 
net coils that heat up in service and 
burn out can be made to stay put by 
the above simple method. 

Field coils that are wound with 
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High pressure cuts Insulation! 












































































































































Table V—Winding Data for Bare (Soft Drawn) 
Strap Copper Wire 
Horizontal lines indicate equivalent B. & S. gage sizes for round wire 
Size Area Size Area Size Area 
Sq.In. —_———_—_—_—_————_| 8q.In. 2 ‘ Sq.In. 
Thickness| Width Thickness} Width Thickness] Width 
010 .365 | .00363 081 . 258 0204 156 75 114 
013 "325 | .00419 ‘091 , 258 0229 156 ‘875 133 
091 "325 | .0400 156 ea 133 
016 .365 | .00579 ca 
; 094 .438 | .0451 nae ‘231 
= “ sein "094 ‘5 0569 (156 | 1.75 ‘270 
020 .365 | .00721 094 625 0689 (156 | 2.25 348 
“O30 3 att “O94 3 oon 162 Sq 0254 
ceived, ar "094 | 1. 116 162 204 0322 
.0 . 365 00899 "094 | 1.25 : 139 16 P 
O23 3° 0124 (094 | 1.5 163 162 325 | .0518 
025 ‘75 0186 094 | 1.75 186 162 365 | .0583 
"025 | 1. 0249 (094 | 2. 0604 
025 | 1.5 0374 peo 182 Sq. | .0312 
. 100 625 -0729 | 182 258 0451 
.032 365 | .0115 - 100 ‘75 08 
032 5 0158 100 875 | .0203 . 188 5 0921 
.032 625 | .0198 sai . 188 "625 | .116 
: 032 ‘75 0238 . 102 . 204 0203 - 188 75 _ 138 
032 "875 | .0278 : 102 258 0258 188 "875 | . 161 
| ‘032 | 1 ‘0318 : 102 289 | .0289 188 | 1. : 185 
032 | 1.25 0398 102 1325 0326 "188 | 1.25 232 
it “0638 109 438 0469 188 ay 333 
a I Bs rise "109 ey 0520 188 | 2.5 467 
040 365 0143 109 "625 | .0656 
"040 ‘5 0197 : 109 ‘75 0792 . 204 Sq. | .0397 
040 1625 | .0247 . 109 875 | .0928 204 258 0507 
040 .75 ‘0297 "109 | 1. 1070 
040 "875 | .0347 "109 | 1.25 134 219 365 | .0780 
"040 | 1.25 0497 109 1.3, 161 219 438 -0940 
‘040 | 1.5 0597 ; : 313 i 1B 
047 a 0230 114 . 182 019 : ; 
‘047 625 0289 114 "204 | .0224 219 | 1. 216 
047 ‘75 0348 114 258 0286 
(047 | 1. 0465 114 "325 | .0362 229 Sq. | .0490 
"047 | 1.25 0583 229 289 | .0628 
(047 | 1.5 - 0700 125 438 0539 . 229 365 0802 
ek” “Oo38 133 “363 ba76 250 5 122 
Se Ba e 1125 "625 0748 - 250 875 2 
125.) 75 : : ‘ 
.051 365 0181 125 5, oe Bo 35 305 
: 0271 125 | 0. a : ; ‘ 
“O63 a “0306 (125 | 1.25 .153 250 | 2. 1492 
063 625 | .0385 ie FS . 184 (250 | 2.5 617 
063 75 0464 125 | 1.75 215 250 | 3. ‘742 
: 063 "875 | 0543 1m 1:2. . 247 250 | 4. 992 
; 1. 0622 — 
“063 1.25 :0779 129 .162 | .0201 258 Sq. | .0632 
"063 | 1.5 0937 129 "182 | .0227 258 .365 | .0908 
(063 | 1.75 ‘109 1129 "204 | .0255 : 289 Sq. | .0801 
‘063 | 2. : 120 .129 "258 | .0325 
(063 | 2.25 L141 313 5 153 
ta | c2a5 | cose2 313 | tas | 1384 
; . 258 0160 ‘141 625 i ; 
rt? 289 | .0180 ‘141 75 . 102 a us : 462 
072 "365 | .0257 ‘141 ‘875 | .120 oe YX. 618 
j , .0377 144 Sa. 0199 eS ae . 367 
O78 “bas 0475 "144 . 182 0254 375 | 1.25 : 461 
078 75 0572 144 /204 | .0286 375 | 1.5 1555 
078 875 | .0670 ‘144 258 | .0363 (375 | 2. 742 
078 | 1. 0767 375 | 2.5 930 
‘078 | 1.25 0962 156 .438 | .0675 3731 5. 1.12 
‘078 | 1.5 116 | 156 ‘5 0761 '375 | 4. 1.49 
(078 | 2. 155 156 "625 | .0956 









































Radius of corners same as for ribbon wire—See Table IV. 
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Fig. 1—This diagram shows why 
care must be used when winding 
coils with square wire. 


Each side of a 4-in. square wire is 
equal to the diameter of a 4-in round 
wire, but the diagonal dimension of a 
3-in. square wire is 0.707 in., as shown 
in A and B. C shows what happens 
when square wires are not kept flat 
when winding coils: the insulation is 
likely to be damaged and the width 
and depth of the coils will be in- 
creased. D indicates the conditions 
when an attempt is made to put a 
twisted square wire into a slot. 





round wires and run hot can be im- 
proved by rewinding them with the 
next smallest size square wire and 
treating with Bakelite. The square 
wire will make the over-all size of 
the coil smaller, reduce the resist- 
ance and the I’R losses and improve 
the job in general. 

Single-Cotton and Enamel-Cov- 
ered Wires. — Single cotton and 
enamel is the next important cover- 
ing for wires and is the enameled 
wire already mentioned with one re- 
inforcing layer of cotton. 

This wire finds quite a large range 
of use for the running or main wind- 
ings of single-phase motors and is 
safe to use for any mush-wound coil 
in an a.c. or d.c. field, rotor or stator. 
In fact, any repair shop would be 
taking a step in the right direction 
to replace the double-cotton covering 
on bare wire used in mush-wound 
coils with this single-cotton and 
enamel-covered wire. The stock sizes 
should be Nos. 20, 19, 18, 17, 16, 15, 
and 14. 

This wire has all the good features 
of the enameled wire, with the ad- 
vantage of the cotton covering acting 
as a cushion and protection. Also, 
when the complete apparatus is 
dipped, the added varnish film im- 
proves the insulating properties. 

The results of a_ test between 
double - cotton- covered wire and 
single-cotton and enameled wire will 
indicate the benefits in using the 
latter for mush-coil jobs. The test 
consisted of winding on elayer on a 
i-in. metal mandrel and testing be- 
tween layers. 

The results showed that one layer 
of double-cotton-covered wire will 
stand, on an average, 570 volts to 
ground and that single-cotton and 
enameled wire in one layer will stand 
on an average 770 volts to ground. 
The second test showed that double- 
cotton between layers will stand 
1,100 volts and single-cotton and 
enamel, 1,900 volts. These tests 
were made with a 5-kw. transformer, 
60 cycles, 110 volts on the primary 
line. 

Table VII gives the weights, etc., 
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Table VI—Dimensions, Weight and Resistance of Single- and 
Double-Cotton Covered Round Magnet Wire 
Diameter Feet per Pound Pounds per 1,000 Feet Ohms per Pound 
B. & S. |Bare Wire 
Gage | in Inches Single Double Single Double Single Double 
c.c. c.c. jC. c.c. c.c. c.c. 
8 0. 1280 19.8 19.6, 50.6 51.0 0124 0123 
9 . 1144 24.9 24.6 40.2 40.6 0197 0194 
10 . 1018 31.4 30.9} 31.8 32.4 . 0313 . 0308 
7 . 0907 39.5 38.8 25,3 25.8 . 0496 . 0487 
12 0808 49.8 48.9} 20.1 20.4 . 0790 .0775 
13 .0719 62.6 61.5 16.0 16.3 025 .123 
14 . 0641 78.8 77.3 12.7 12.9 . 199 . 195 
15 .0571 99.4 97.3 10.1 10.3 . 316 . 309 
16 -0508 125. 122. 8.0 8.20 . 501 . 489 
17 . 0453 157. (53. 6.37 6.62 .795 . 764 
18 . 0403 198. 192. 5.05 5.21 1.26 22 
19 . 0359 248. 240. 4.03 4.17 1.99 1.93 
20 . 0320 311. 298. 3.22 3.36 3.16 3.02 
21 .0285 390. 373. 2.56 2.68 4.98 4.76 
22 -0253 489. 464. 2.04 2.16 7.89 7.48 
23 .0226 611. 575. 1.64 1.74 12.4 11.7 
24 .0201 765. 711. 1.31 1.41 19.6 18.2 
25 0179 955. 878. 1.05 1.14 30.8 28.4 
26 0159 1,190 1,080 . 840 .925 48.5 44.0 
27 0142 1,490. 1,330. - 671 ofan 76.5 68.3 
28 0126 1,850. 1,630. - 540 613 120. 106. 
29 0113 2,300. 1,990. . 435 -502 188. 163. 
30 0100 2,860. 2,420. . 350 . 413 294. 249. 
31 . 0089 3,530. 2,820. . 283 .354 459. 366. 
32 0079 4,370. 4 3,500 .229 . 286 715. 573. 
33 .0071 5,380. 4,160. . 186 . 240 1,110. 860. 
34 . 0063 6,520. 4,920. . 154 . 203 1,700. 1,280. 
35 . 0056 8,120. 5,760. . 123 .174 2,670. 1,890. 
36 -0050 9,940. 6,660 . 101 . 150 4,110. 2,760. 
37 . 0044 12,100. 7,600 - 0826 . 132 6,320. 3,970 
38 . 0040 14,700. 8,450 . 0680 118 9,680. 5,560 
“Single c.c.’’ = single-cotton covering; ‘Double c.c.’’ = double-cotton covering. 























of single- and double-cotton-covered 
and enameled magnet wire. By com- 
paring columns 7 and 8 of Table IV 
(August issue, page 366) it will be 
noticed that the insulated size of 


wire is smaller than the correspond- 
ing B & S gage size of double-cotton- 
covered wire, thus resulting in a 
better space factor and easier wind- 
ing job. 






























































single-cotton and enamel-covered Double-Cotton-Covered and Enam- 
Table VII—Dimensions, Weight and Resistance of Single- and 
Double-Cotton Covered Enameled Magnet Wire 
Diameter Feet per Pound Pounds per 1,000 Feet Ohms per Pound 
B. & S. |Bare Wire 
Gage |inInches| S.C.-En. D.C.-En. | S.C.-En. | D.C.-En. S.C.-En. D.C.-En. 
8 1280 19.7 19.4] 50.7 51.5 0124 0122 
9 1144 24.7 24.2 | 40.5 41.3 0195 0191 
10 . 1018 31.0 30.4 | 32.3 32.9 . 0309 0303 
i :0907 39.2 38.2 | 25.5 26.2 0492 - 0480 
12 - 0808 49.3 48.0 | 20.3 20.8 0783 .0761 
13 .0719 62.0 60.3 | 16.1 16.6 124 121 
14 0641 78.1 75.8 | 12.8 13.2 .197 -191 
15 0571 98.3 95.2 | 10.2 10.5 312 302 
16 0508 124. 118. 8.06 8. 48 .497 . 473 
17 0453 156. 150. 6.41 6.67 .789 759 
18 .0403 194. 187. 5.15 5.35 1.24 1.19 
19 0359 245. 234. 4.08 4.27 1.97 1.88 
20 0320 307. 291. 3. 26 3.44 3.12 2.95 
21 .0285 385. 362. 2.60 2.76 4.91 4.62 
22 0253 481. 449. 2.08 2.23 7.76 7.25 
23 .0226 601. 555. 1. 66 1.80 12.2 11.3 
24 0201 750. 684. 1.33 1. 46 19.2 17.5 
25 0179 936. 842. 1.07 1.19 30.2 27.2 
26 0159 1,170. 1,040. 855 961 47.7 42.3 
27 0142 1,450. 1,270. 690 : 788 74.5 65.2 
28 0126 1,810 1,550. .552 .645 117. 100. 
29 0113 2,240 1,880. 446 532 183. 154. 
30 -0100 2,780 2,280. 360 438 286. 235. 
31 0089 3,440 2,720 291 368 447. 353. 
32 :0079 4,240 3,240 . 236 . 309 695. 531. 
33 .0071 5,200. 3,820. .192 .262 | 1,070. 789. 
34 - 0063 6,380. 4,460. .157 :224 | 1,660. 1,160. 
35 0056 7,810. 5,140. . 128 195 | 2,560 1,690. 
36 -0050 9,540. 5,850. .105 171 | 3,950 2,420. 
37 0044 11,600. 6,530 0862 153 | 6,060 3,410. 
38 0040 14,000. 7,020 :0715 143 | 9,220 4,620. 
§.C.-En. = single-cotton covering and enamel; D.C.-En. = double-cotton covering and enamel. 
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eled Wire—Next in line of im- 
portance as a wire insulation, is the 
double-cotton and enamel covering. 
This wire requires more room than 
either the double-cotton or single- 
cotton and enameled wire, but has a 
higher breakdown voltage, the single 
layer standing on an average 1,200 
volts and a voltage between. layers 
of 4,000 volts. This is 2 good wire 
to use for jobs where the voltage be- 
tween turns or layers is high, as in 
induction regulators and transform- 
ers, but for general use, the room 
required is too great and its cost is 
higher. 

It might be of interest to note that 
two layers of double-cotton and 
enameled, gum-treated wire have 
stood as high as 15,000 volts between 
layers on a mandrel test. 

Another article will deal with 
special insulation for limited space 
and high temperature conditions. 





Lubrication of 


Cranes and Hoists 
(Continued from page 408) 


and the other on the trolley. Pressure 
up to 30 Ib. per sq.in. is applied at the 
bearings. By means of rubber hose 
and pipe fittings, the grease is dis- 
tributed to all bearings except those 
on the motor. 

Grease is supplied weekly to the 
crane operator by the Maintenance 
Department, so that none is left 
around the crane to be wasted or be- 
come dirty. The operator screws up on 
the gun every day. A saving of ap- 
proximately $250 per year per crane 
has been effected by this means, it 
is estimated by the user. This is 
the result of less grease consumption 
and the fact that the crane and 
operator are subject to less lost time 
than when the old, hand grease cups 
were in use. Also, fewer burned- 
out bearings result from new oper- 
ators not finding the location of the 
grease cups. 

The gears on the trolley are fre- 
quently enclosed in a gear case and 
run in oil, as shown in one of 
the accompanying illustrations. For 
such installations the manufacturer 
of the crane usually recommends one 
of the standard gear case oils. One 
rianufacturer recommends that for 
winter service on outside cranes this 
oil be thinned by the addition of 50 
per cent of machine oil. Manufac- 
turers of lubricants will supply oils 
for such outside service in winter 


(Please turn to page 4385) 
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Today 
We Think 
But Next Year 
We Know 


when pushing into new 
ground and spending 
money on today’s concep- 
tion of the return it will 
be capable of earning. 


BELIEVE that most of us have 

a pictorial memory: that is to say, 
we hold in our mind impressions of 
things as we see them most fre- 
quently. For this reason stages of 
progress in our work or improve- 
ments in the methods we employ are 
compared as advances from week to 
week or from year to year. Because 
of this we sometimes need to go back 
into the musty pages of history in 
order to get a true perspective of 
just what we have accomplished as in- 
dividuals, and as a nation, over a pe- 
riod of a half century or so. This is 
true of advancement along any line, 
whether it be art, music, warfare or 
what not, but particularly is it true 
of electrical engineering which, in 
its practical application, does not 
cover much of a period of time as 
civilization measures it. 

All of this leads up to the reason 
for calling your attention to the ac- 
companying photo taken in the 
Pueblo plant of the Colorado Fuel 
and Iron Company. It shows what 
one type of motor control for the 
tables of a 36-in. blooming mill 
looked like just 16 years ago, in the 
early days of electric drive in steel 
mills. 

Today the control that is made in 
the same factory does not look much 
like this, but the knowledge and con- 
fidence that was wrapped up in it is 





indicated by the service it has per- 
formed for a period that nowadays 
could well be considered its useful 
life. Here is part of a comment that 
I have received on this noteworthy 
installation: 


If you are acquainted with steel mill 
practice, you will understand that the 
roll tables, which are operated through 
this old controller, handle the ingot as 
it passes back and forth between the 
rolls while the ingot is being reduced to 
a bloom of the desired size. The roll 
tables are reversed several times dur- 
ing the rolling of the ingot to a bloom, 
the actual number depending on the size 
of the ingot and the skill of the oper- 
ator in charge. 

It is estimated that nearly one and 
three-quarter million ingots have been 
rolled between May 1, 1910 and the 
present time. At this figure the total 
number of reversals of the motors on 
these roll tables handled through this 
control board have exceeded 31,000,000. 
Quite evidently old age has not crippled 
this old-timer, for the failure of the 
controller would cause a mill delay and 
trouble of this nature is practically 
unknown here. 


And so it goes. Today we cudgel 
our brains for ideas to improve 
methods and save time and money 
in a particular operation, sometimes 
stumbling onto ideas that give im- 
mediate results, but more often it 
requires some years to determine the 
exact value of the effort. Right 
here I might drop this suggestion— 
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when the cost of a job is being con- 
sidered and an appropriation is asked 
for, think first about the value of 
the results and then pick and choose 
with equal care the equipment that 
will measure up to the best ideas you 
now have. 

In years to come the first cost will 
look small beside the saving and im- 
provement you will be able to show. 
In too many cases a good idea has 
been spoiled by the handicaps of 
cutting the pattern to suit the cloth, 
which means spending $500 on a 
$10,000 idea. If you are convinced 
that the idea will produce a 20 per 
cent return annually and thus pay 
for its execution in not more than 5 
years, then get that return by in- 
stalling equipment that measures up 
to the degree of confidence you have 
in your ideas and yourself. Any- 
thing short of this is expensive to 
your company and unfair to yourself. 
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Artificial Light of Daylight Quality 
Has Many Uses in Industry 


OR ages artificial light sources were so feeble and 

inefficient that mankind had to be satisfied with the 
quality of the light without attempting to alter it. The 
advances in the efficiency of light production during 
the past score of years have made it possible not 
only to distribute the light where desired, but also to 
alter it to the desired quality or color value. In gen- 
eral, daylight quality is the most suitable for vision. 
Our eyes evolved under it, and it is not surprising 
that our eyes are best adapted to it. When color dis- 
crimination is important it cannot be denied that day- 
light quality is best. Color is in the light and not in 
the object. A colored surface appears colored because 
it has the property of absorbing radiations of certain 
wavelengths and reflecting (or transmitting) the 
remainder. - Thus, if we take visible radiations of cer- 
tain wavelengths away from white light the remaining 
light is colored, the exact color depending upon the 
wavelengths remaining. ~- 

Artificial daylight is now available for accurate color 
discrimination and tungsten “daylight” lamps provide 
hight of approximately daylight quality for more gen- 
eral use. We depend upon color vision much more than 
we realize and, in the industries, light that approaches 
daylight quality is helpful in most places, although this 
is not generally recognized. Experiments also indicate 
that approximate daylight quality is somewhat “easier 
on the eyes” than is ordinary artificial light. There 
is an increasing sentiment toward the use of these 
lamps for inspection work, owing to the results now 
being obtained in many classes of inspection even where 
color is a seemingly minor factor. Tungsten “daylight” 
lamps for general lighting, and accurate, color-discrim- 
ination units for special lighting, are profitable tools 
in many places. 





Is Your Material-Handling Equipment 
Getting Proper Lubrication? 

LTHOUGH operation routine usually provides a 
regular schedule for the lubrication of production 
machinery, some types of equipment found in many 
industrial plants are often neglected. Of this class, 
material-handling equipment probably suffers the most. 
In many cases such equipment is used irregularly, and 
generally at a low bearing-surface speed. Cranes and 
conveyors, particularly, are often located in almost 
inaccessible places where oiling is a hazardous opera- 
tion, and accidents are likely to be serious. In such 
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cases the oiler can hardly be blamed for occasionally 
“missing” some of the least accessible bearings. 

Also, there is a general belief that bearings which 
operate at low speed, such as on conveyors, do not need 
much attention and as a result they get but little. 
Here, the effects of neglecting lubrication, such as worn 
or frozen bearings, will probably be slow in appearing, 
but they are almost inevitable, especially if the equip- 
ment is operating in dusty or dirty surroundings. Hot 
conveyor bearings, which were due to neglect of lubri- 
cation, have been known to start fires and cause explo- 
sions in elevators and mills which generate an explo- 
sive dust. 

There are numerous methods of making the lubrica- 
tion of such equipment not only easier, and so more 
likely to be taken care of regularly, but also less 
bazardous to the oiler. Some of these methods depend 
upon the design of the bearings; others depend upon 
the method of applying the lubricant which, of course, 
should in all cases be of the proper consistency for the 
bearing and the operating conditions. 

The article entitled “Problems in the Lubrication of 
Hoists and Traveling Cranes,” which begins on page 406 
of this issue, may serve to show how you can obtain 
better service from your material-handling equipment at 
lower operating and maintenance costs, and reduce the 
accident hazards to the men who have to lubricate it. 


$$$ 


Reducing Amount of Supplies in Stock 
Will Lower Operating Costs 


UCH of what has been accomplished in the way of 
eliminating waste by reducing the number and 
variety of stock sizes of various commodities, is a mat- 
ter of common knowledge. This important work is 
being carried on under the joint auspices of the Divi- 
sion of Simplified Practice of the Department of Com- 
merce, and the National Committee on Metals Utiliza- 
tion, under the direction of Secretary Hoover, in 
co-operation with trade associations, manufacturers and 
others connected with the industry in question. Up to 
the present time between 50 and 60 items have been 
studied and recommendations prepared covering them. 
The manufacturers of carbon brushes and brush 
shunts have long realized that they are spreading their 
production and investment over a range of sizes that 
are legion in number. The distributors of brushes have 
had to carry large stocks so as to meet every possible 
demand, when the bulk of normal requirements could 
be adequately satisfied with fewer variations in sizes 
and dimensions. The consequent confusion of choice 
has affected the manufacturers of brush-holders, which 
are an item of supreme importance in the design of 
motors and generators destined for a myriad number of 
uses. Whenever a new size of brush has appeared on 
the market the manufacturers of brush-holders have 
had to increase the variety of their product, while the 
producers of brushes have found themselves similarly 
influenced by the growing list of holder sizes. The 
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user of such equipment has found himself in the center 
of a vicious circle, sharing its cost and disadvantages. 

At the request of The Electric Power Club, the Divi- 
sion of Simplified Practice invited representative manu- 
facturers, distributors and users of carbon brushes to 
meet in Washington a few weeks ago and discuss the 
tentative recommendations covering carbon brushes and 
brush shunts, which had been proposed by this organi- 
zation. Except for a few minor changes, these recom- 
mendations were approved by the conference as 
originally submitted, to become effective November 1. 

Marked savings have been made possible for both 
manufacturers and users by the application of the prin- 
ciples of simplified practice to a number of commodities, 
and there is every reason to feel that these principles 
can be applied with equal success to the manufacture 
and use of carbon brushes and brush shunts. A reduc- 
tion in the number of sizes and types should lower 
manufacturing costs as well as operating and mainte- 
nance charges by reducing the capital tied up in stock. 

Any movement which will accomplish these very 
desirable ends is worthy of strong support on the part 
of every operating executive. 





Poor Work and Shirked Responsibility 
Cannot Be Covered Up Forever 


BOUT 3,000 years ago a workman in a tomb of one 

of the ancient rulers of Egypt brushed some shav- 

ings and débris of his task in an out-of-the-way corner, 

probably saying to himself, ‘““What’s the difference; it 

will never be seen.” Recent explorers in these ancient 

tombs brought to light the fact that this man was 
remiss in his responsibilities. 

Many times in maintenance activities, a workman, 
particularly if he is on the job alone, is tempted to 
let something go partially finished when he feels that 
there is little likelihood that the evidence of his neglect 
will ever be discovered in such a way, or soon enough, 
for the responsibility to be placed upon him. A scratch 
or burr on a shaft inside of a bearing does not show, 
but sooner or later when that bearing begins to run 
hot, the imperfect workmanship will be discovered, and 
in all likelihood this will happen within a few days 
or hours, instead of centuries, as was the case with 
this Egyptian workman. 

Nor are the opportunity and temptation to be care- 
less confined to those in the ranks. Every executive in 
an organization, from the President to the youngest 
foreman, has plenty of chances to slight his work. 
Probably only he knows how often he fails to handle 
a job to the full measure of his ability. Nevertheless, 
there is certain to be a day of reckoning: carelessness 
and failure to realize the importance of doing one’s best 
at all times, are sure to be recognized eventually. and 
they exact a penalty that must be paid. © 

When the time for promotion comes along the slip- 
shod, careless fellow, who takes the path of least resist- 
ance, is pretty likely to be passed by. 
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Thinking Up Good Ideas Is the Job of 
Everyone on the Force 


NE of the first essentials of a truly successful 

organization is that the subordinates in it dis- 
play considerable initiative, not only in the execution 
of their own work, but in the planning of new work 
that is to be done by the organization. Developing 
initiative in his subordinates should be the self-imposed 
task of every good executive. 

A large, commercial electric repair shop in Detroit, 
is an example of how this has been successfully worked 
out. This shop is operated by a force of about 50 men, 
each one of whom is an enthusiastic believer in what 
the firm can do. The shop has had a very successful 
and prosperous career, most of which is due to the 
personnel. 

Many new ideas have been developed in this shop. 
For example, it was found that stripping the insula- 
tion by hand from the ends of armature coils was too 
expensive to be consistent with the cost of making the 
coils. One of the repairmen got the idea that the insula- 
tion could be removed by rotary wire brushes, and the 
result of this good idea was a motor-driven insulation 
stripper. 

A good deal of shaft-pressing was done in the shop; 
so a 150-ton hydraulic jack was purchased. An 
ingenious method of mounting this jack was developed, 
and in addition it was arranged so that it could be 
operated by compressed air in setting up the work. 
This saves much time and makes more accurate 
adjustment possible with less blocking up. The mount- 
ing and the arrangement for using compressed air were 
planned by the shopmen. 

One of the foremen designed a dynamometer that 
uses a generator arranged so that both the armature 
and the stator are free to revolve. This device greatly 
simplifies load testing of motors. 

A winder thought of a unique way to make a stand 
on which to wind fractional horsepower motors—a 
stand that would securely hold the stator in any desired 
position. Such a device has shortened the winding 
time considerably. 

The men in this shop are simply bubbling over with 
ideas, and their ideas are worth while. In talking 
with some of them the reason for such an oversupply 
of initiative was discovered: thinking of ideas and 
making them practical is encouraged by the manage- 
ment. The men know that they will be paid for accept- 
able ideas. As a result of the management’s attitude 
new ways and methods of handling the work are every- 
where in evidence. 

All of which brings us back to the fact that no 
executive has a corner on all of the worth-while ideas. 
In fact, there is a fair chance that he has run out of 
ideas and is constantly hoping that some of his subor- 
dinates will bring forth something worth while. The 
one-man organization is on the wane—the man at the 
head of it wears out too rapidly. Think—and then 
develop the ideas that are the result of your thinking. 





Thawing Frozen Water 





Who Can Answer 
These? 


What Size of Belt Is Required for This 


Drive?—A 15-hp., 1,750-r.p.m. motor is 
used to drive a punch press. The pulley 
on the motor is 6 in. in diameter and the 
driven pulley is 40 in. in diameter, the 
distance between centers of the motor 
and press pulleys being 15 ft. I wish 
readers would give me some information 
regarding the adaptability of leather 
bets to this drive. Specifically, what 
width of leather should be used to give 
the best results? Should this belt be 
single or double-ply? Would you advise 
the use of some other type of belt and 
if so, what kind and why? 

Rockford, Il. R. W. A. 


* * * + 


Pipes. —I should 
like to obtain data for building a trans- 
former drawing about 600 amp. on the 
secondary side, which is to be used for 
thawing out frozen water pipes. The 
transformer is to be used on a 115-volt 
circuit and I shall be grateful if some 
reader will let me know the size of core 
to use, the size of wire, and the number 
of turns on the secondary and primary 
windings. What should the secondary 
voltage be, in order to give the best 
results for my purposes? 

Duluth, Minn. F. G. G. 


* * * * 


What Is Wrong With This Exciter?—We 


have a 74-kw., 125-volt, 60-amp., 1,200- 
r.p.m. exciter that has always given us 
considerable trouble. It sparks badly, 
thereby shortening the life of the brushes 
and of the commutator. Flats appear on 
opposite sides of the commutator and the 
individual bars are badly burned. Chan- 
nels are burned lengthwise in the center 
of the bars to a depth of about ¥ in. 
This machine has four poles, the commu- 
tator having 49 bars on the original 
armature, while the spare armature has 
97 bars and 49 coils. Each time we turn 
the commutator we undercut the mica 
and test the armature on a transformer 
or growler. When an armature is re- 
placed in the machine we fit a new set 
of brushes as supplied by the maker of 
the machine, and start it with a normal 
load of 45 amp. It will run well for a 
day or two with scarcely any sparking. 
Then it begins to spark and the com- 
mutator blackens and heats up. I wish 
other readers who have had similar expe- 
rience would tell me how they corrected 
the trouble. 

New Philadelphia, Ohio. n. BP. 


* * * * 


Trouble from Cable Overheating—In con- 


necting up a turbo-generator rated at 
480 volts, three phase, 60 cycles, 3,000 
amp., I used five 1,000,000-cire.mil, 
rubber-covered cables in parallel. Accord- 
ing to the wire table each cable should 
carry 650 amp.; therefore, the six cables 
in parallel should carry a total of 3,900 
amp. The total of 18 cables for the three 
phases run in six conduits, each conduit 
carrying three cables, one from each 
phase. With this arrangement the cables 
heated and I found it necessary to add 
a@ seventh cable to each phase. This 
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Questions Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 


question that you can os ; ; 






















answer from your ex- 
perience. 








tenance and repair work in our power 


should give a total carrying capacity of 
4,550 amp. which is 50 per cent more 
than the rating of the turbo-generator, 
3,000 amp. With the seven cables oper- 
ating in parallel on each phase there is 
no heating and the cables carry satisfac- 
torily an average load of 3,000 amp. with 
peaks running somewhat over 3,500 amp. 
Can any reader suggest causes why the 
first installation of cables should over- 
heat? Could it be due to inductive 
effects? If so, how could I go about cor- 
recting this trouble? 

Bellingham, Wash. E. M. D. 


* * * * 


Difference Between Star and Delta-Con- 


nected Motor Windings. — Can some 
reader tell me if there is any difference 
in the starting current, torque, power 
factor, and efficiency of a star-connected 
motor winding as compared to a delta- 
connected winding. In each case the mo- 
tors under consideration are of the same 
make, horsepower, and number of coils. 


house. This plant is a central station 
isolated from other companies and is 
self-dependent. It has five generating 
units: one 20,000 kva., two 6,000 kva., one 
3,500 kva., and one 3,200 kva. There 
are four exciters, two rotary converters, 
and two 550-volt commercial d.c. genera- 
tors. The plant also contains three banks 
of bus tie transformers as well as three 
33,000-volt transformers. There are 121 
motors ranging in size from yy to 200 hp. 
at 220 and 2,300 volts, and also a 44-panel 
switchboard with auxiliary switchboards 
as needed. This plant has automatic 
control and interlocking systems and is 
modern in every respect. Some of the 
apparatus is three years old. We expect 
to handle all repair work such as wind- 
ing and testing, as well as any new 
installation work that may be required. 
I am chiefly interested in the number of 
men required and the particular work 
that should be assigned to each. Your 
opinions will be very helpful. 

Aurora, IIl. a; 


Why are some motors star-connected 
while others are delta-connected? Does 
either form of connection have ad- 
vantages over the other? I shall greatly 
appreciate any information that readers 
may give me on this subject. 

Lethbridge, Alberta, Can. Ws. 2. 


Size of Motor Required for Hoist.—Will 
some reader kindly show me how to 
calculate the size of motor required for 
this coal hoist. A three-phase, 40-cycle, 
770-r.p.m. motor is to drive a winding 
drum through two sets of reduction gears, 
as shown in the diagram. Cables from 
the winding drum support two cages 
which counterbalance each other. The 
weight of each cage complete is 1,200 


s. ¢+ * #8 


Answers Received 


To Questions Asked 


Best Way to Install Ball Bearings in Line- 
shaft Hangers.—We are going to replace 
the split, babbitted, shaft-hanger bear- 
ings on a 2y,-in., 72-ft. shaft with new 
ball bearings. The same drop hangers 
are to be used. Two solid pulleys are 
used; the remainder are split, either 
wood or steel. The shafts are connected 
with keyed flange couplings. What is the 
best way to go about making the change? 
Would it be best to let the shaft down 
to the floor, or work overhead? What 
is the easiest way of getting the flanges 
off and on again? Would it be better to 
replace them with compression couplings? 
Syracuse, N. Y. H. lL. G. 


Motor speed 770 Rpm. Ropes leading 
10 Sheaves 


£8 Teeth 


The question asked by H.L.G. on 
whether or not to lower the shaft to 
the floor when installing ball-bearing 
hanger boxes depends upon whether the 
couplings can be removed without un- 
due trouble and what machinery or 
other equipment is in the way below. 

Keyed flange couplings are often put 
on in such a manner that the man who 
does the work says, “Well, I hope I 
don’t have to take them off.” With the 
shaft badly battered up and the key 
sledged in an inch after it should have 
been left alone, it is a heartbreaking job 
to remove the couplings. In such a 
case, drilling out the key or taking the 
assembled length to a _ neighboring 
shop, when the plant does not have 
such equipment, to have the couplings 
removed in a hydraulic press, is about 
the only way to strip the line. 

On the other hand, couplings put on 
intelligently present no great difficulty 
in their removal. With such couplings 
more trouble is caused by rust than any 
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Ib. The cages are to be used for raising 
trucks of coal. Empty trucks weigh 550 
lb, and a truck will carry 850 lb. of coal 
per load. Each trip of the hoist will 
carry up one loaded truck and lower one 
empty truck simultaneously. The dis- 
tance through which the load must be 
hoisted is 270 ft. I should also like to 
know what the power consumption would 
be when raising 15 tons‘ of coal (about 
36 loads) per hour. I shall appreciate it 
if some reader will show me how to 
work out the torque and power diagrams. 
South Shields, Eng. G. B. 


* * * * 


How Many Men Are Required for Main- 
tenance in This Plant?—I wish readers 
would tell me how many men we should 
have for carrying on the electrical main- 
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other gripping factor. It is suggested 
that the joints be liberally supplied 
with one of the “penetrating oils” that 
are such good looseners of rusty parts; 
this should be done nightly for several 
days before the job is attempted. The 
couplings should then be easily removed. 

All couplings should be provided with 
two tapped holes for removing, but if 
there are none, a puller can be used 
instead. A simple puller which is 
light enough to be handled easily may 
be made for the job, if no other is 
available, from a piece of 3x2-in., or 
heavier, steel of the form shown in 
one of the accompanying illustrations 
and to fit the style of coupling used. In 
using a puller, if the coupling does not 
move with moderate screw pressure, it 
can be started by driving on the hub 
at the back with a bar between the 
hammer and the hub to prevent bruis- 
ing the coupling. Usually, only one 
blow is required to break the grip and 
then the piece comes off readily enough. 

Changing couplings and bearings is 
something like painting, in that it is 
easy to do in an empty building but 
when it has to be done in a building 
that has machinery or other equipment 
and stock underneath, it is attended 
with considerable difficulty. When such 
is the case the writer prefers to make 
the bearing change in the air. Also, if 
the shaft is kept overhead by the 
proper type of retainers there is not the 
risk of a length of shaft getting away 
and plunging into a machine or valu- 
able stock, as is the case when the shaft 
is taken down. Likewise, the job of 
lowering and raising again lengths of 
shaft, often weighing 600 lb., besides 
pulleys, is avoided. Ordinarily few 
belts have to be taken off. Some 
pulleys must be removed, of course, but 
by working from both ends of the shaft 
it is seldom necessary to take off all of 
them. 

To do the work in the air, two or 
more slings are required. These, and 
the puller mentioned before, are simple 
pieces for a blacksmith to make. Their 
cost is trifling, as compared with the 
saving effected, and they can be turned 
to other uses when the job is done. 
They have to be prepared in advance; 





INDUSTRIAL ENGINEER 


” 
é Sefscrew 


, hin 
iZr2” 


Bar steel 





Q | 


Flange coupling- "4 


















A simple and easily constructed 
coupling puller which is light 
enough for use on overhead work. 





the location must be measured up and 
the slings made to suit. 

Three types of slings are shown in 
the accompanying group illustration. 
Slings of the type designated as A are 
used where holes can be bored through 
the floor above. When this loop-shaped 
sling is thrust up through the floor, a 
steel plate is slipped over each end 
before the nut is put on. At B is shown 
a sling that is meant to be lagscrewed 
to the side of overhead beams. Where 
columns of structural steel or wood are 
close to the line of shafting, the type 
of clamp shown at C supplies an easy 
method of supporting a shaft. The 
type of sling required depends upon the 
construction of the building. If the 
building is of steel and concrete con- 
struction, it will be necessary to provide 
means for attaching the slings. 

With drop-bottom hangers, the slings 
must be erected so that their horizontal 
run is about 6 in. below the end of the 
hanger after the cap is taken off. Some 





Three types of slings for support- 
ing shafting while changing to ball- 
bearing hanger boxes. 


The type of sling shown at A is used 
where it is possible to bore holes 
through the floor above. Sling B is 
lagscrewed to the ceiling beams. Sling 
C is clamped to steel columns or wood 
posts. These slings are made to meas- 
ure and erected before the shaft is 
loosened. Frequently the construction 
of the building requires some modifi- 
cation of these slings. 
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designs of ball bearings will require 
more drop, and others, less. The 
simplest method of holding up the 
weight of the shaft while the bottom 
of the hanger is being taken off is to 
have a man below holding it up with a 
rope passed over some member above 
the shaft level. Sometimes it is neces- 
sary to erect a sheave wheel or screw 
a hook into a beam or some other part 
of the structure for the rope to pass 
over. Often the design of the hanger 
is such that a rope can be passed 
over it. 

Horses or ladders have to be used 
and with them it is often possible for 
helpers to take the weight of the shaft 
while the mechanic removes the hanger 
cap. The slings have been put up be- 
fore the caps are taken off, of course. 

For heavier shafts, the writer has 
found that the portable floor crane 
enables only two men to proceed very 
fast with a shaft job. If the crane is 
not heavy enough of itself, weights 
are added so that its chain (or cable) 
can be carried upward and over a 
sheave erected above the shaft; the 
winch on the crane is then used for 
For 
work in rooms with high ceilings the 
length of the chain is increased by 
tying a rope on the end of it. Some 
buildings will permit the use of chain 
hoists, although they are usually use- 
less because of low headroom. 

The writer prefers the compression 
coupling to the usual keyed flange 
couplings, provided they are watched 
for the first few months and taken up, 
as they should be, after settling to the 
work. DONALD A. HAMPSON. 


Plant Superintendent, 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 
aK * * * 
Winding Rectangular Wire on Edge. — I 
would like some suggestions from readers 
on how to wind coils, using rectangular 
wire or ribbon. These coils have to be 
wound with the copper on edge. My par- 
ticular problem is the mechanical opera- 
tion of winding the thin copper strips on 
edge without using too elaborate a ma- 
chine. To be specific, I desire to wind 
both a round and an approximately 
square coil, using 7,-in. by 3-in. copper 
ribbon. The diameter of the core of this 
coil should be 1 in. and in the case of 
the square coil, the side should be 1 in. 

I also desire to make up a coil around 

a l1-in. core using strip copper 0.01 in. 

by 1 in. 

Bloomington, Ill. A. S. 

In reference to the question of A. S., 
I have never had any actual experience 
with wire coils of the size he has in 
mind, but the following method has 
been satisfactory for winding large, 
oblong coils of copper strip 3 in. thick 
by 1 in. wide. 

The copper strip is clamped securely 
to the faceplate of a lathe and formed 
about an arbor. A hand tool of conven- 
ient size made of cold-rolled steel of 
suitable thickness and width is used for 
guiding the turns of copper strip. This 
guiding tool has a slot of sufficient size 
to slip over the strip, while the end is 
made in the shape of a hook to fit 
tightly against the arbor. When the 
lathe is started slowly, the tool is held 
firmly in the hand and the copper is fed 
through against tension. The thickness 
of the slot side next to the faceplate 
may be about x in. as the coil can be 
easily pressed together after finishing. 

The above method will, of course, 
serve only for round coils. However, 
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square coils can be wound by mounting 
a similar guide in the tool post of the 
lathe, with provision for allowing the 
guide to rock up and down slightly and 
thus follow the slight up and down mo- 
tion of the copper strip. The coil can 
be wound without much trouble if the 
copper is held firmly upright while mak- 
ing the turn. There will be a slight 
widening of the strip on the inner edge 
but this will not be enough to be objec- 
tionable. 

This method of winding round and 
square coils is very simple and if it 
works satisfactorily, as it probably will, 
A. S. will have a means of doing the 
job without an elaborate machine, and 
at a very low cost. J. M. WALSH. 
Ass’t Chief Engineer, 


Gurney Elevator Co., 
New York, N, Y. 


* * * * 


What is the Function of a Reactive Volt- 
Ampere’ Indicator?—We _ recently or- 
dered from a meter manufacturer a 
three-phase, switchboard-type watt- 
meter. When the meter arrived at the 
plant it was marked, reactive volt- 
ampere indicator, instead of watt- 
meter. I wish some of the readers of 
this column would explain the dif- 
ference between these two meters and 
tell me the application and use of the 
reactive volt-ampere meter. Any de- 
tails regarding the use of this meter 
will be very helpful. 

Detroit, Mich. a: 3.2. 


R.J.B. states that a reactive volt- 
ampere meter had been shipped him in 
error when he had ordered a wattmeter. 
He asks information regarding the use 
of this meter. 

The reactive volt-ampere meter is 
used to determine the power factor of 
an alternating-current circuit. This 
meter measures the so-called idle or 
reactive component, which is at an 
angle of 90 deg. to the useful, or power 
component, which is known as the watt 
component. 


RaTIo OF REACTIVE PowER 

Kva. To Kw. FACTOR 
0.00 1.00 
0.33 95 
0.48 .90 
0.62 .85 
0.75 .80 
0.88 75 
1.02 -70 
1.33 60 
1.73 -50 


R.J.B. may be interested in knowing 
what use is made of the reactive volt- 
ampere meter in connection with meas- 
urement of power factor. The accom- 
panying table shows two readings, the 
left-hand column being the ratio of the 
reading of the reactive meter to the 
reading of the wattmeter. Correspond- 
ing to the various ratios will be found 
the power factors tabulated in the right- 
hand column. 

For example, if the reading of the re- 
active volt-ampere meter at any time 
is 33 kva. and the corresponding read- 
ing of the wattmeter is 100 kw., then 
the ratio of the first to the second is 
.33 and referring to the table, the power 
factor is 95 per cent. 

It must be understood that this re- 
active volt-ampere meter must be used 
in connection with a suitable trans- 
former in order to displace the angle 
between the current and voltage by 90 
deg. and, therefore, give the reactive or 
idle component of current. 


JAMES B. HOLSTON. 
Commercial Engineer, 
Waener Electric Corp., 
Chicago, Ill. 
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Referring to R.J.B.’s question, the 
function of a reactive volt-ampere meter 
is as follows: A reactive volt-ampere 
meter is a wattmeter so connected in 
the external circuit that it indicates the 
component of the total kva. which sup- 
plies the magnetizing power of the load, 
while a wattmeter indicates the power 
component. This meter measures the 
so-called idle or reactive component, 
which is at an angle of 90 deg. to the 
useful, or power component, which is 
known as the watt component. 

The true relationship of the total 
load with its two components is shown 
by vectors in the accompanying dia- 
gram. In this vector diagram, it can 
be seen that when both types of meters 
are used, the total kva. load of the sys- 
tem can be found by extracting the 
square root of the sum of the squares 
of the two readings. When a reactive 
volt-ampere meter is use instead of a 
wattmeter, and it is desired to deter- 
mine the power factor of the load, the 


Reactive _volt-amperes 











Watts 


This diagram shows the relations 
existing between reactive kva., kw., 
and kva. and also shows the angle 
by means of which the power factor 
is computed. 





following formula is used: reactive kva. 
+ (volts X amp. X V3) = sin @, in 
which @, is the angle of phase dis- 
placement, or the angle between the 
total volt-amperes and the true power 
component in watts as shown. The 
cosine of this angle is the power factor 
of the load. 

The power factor of the load can also 
be determined from the wattmeter and 
kva. meter readings by the following 
formula: tan @ = watts + reactive 
kva., in which @ is the angle shown in 
the accompanying diagram. Cos 6 equals 
the required power factor. For instance, 
assume that a wattmeter indicates 1,000 
kw. while the reactive volt-ampere meter 
indicates 500 kva. The power factor of 
the load is then equal to the cosine of 
the angle whose tangent equals 500 + 
1,000 = 0.5. The angle of which 0.5 is 
the tangent is 26 deg., 35 min. and the 
cosine of 26 deg., 35 min. = 0.89 or 89 
per cent power factor. 

The internal connections of the two 
instruments are identical, the difference 
being in the external connections. A 
wattmeter, to indicate reactive volt- 
amperes, must have the potential cir- 
cuit excitation shifted 90 deg., since the 
readings of these two instruments are 
always exactly 90 deg. apart, as shown 
in the diagram. This shifting is done 
by a special tap transformer or by in- 
serting a special external reactance in 
one of the potential leads. The con- 
nections of two graphic meters giving 
the above indications were shown in an 
article by the writer, published in the 
July, 1925, issue. H. E. STAFFORD. 


Electrical Engineer, 
Provincial Paper Mills Ltd., 
Port Arthur, Ont., Can, 
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In reply to the question asked by 
R. J. B., a reactive volt-ampere indicator 
is, as the name implies, a meter for in- 
dicating the reactive volt-amperes flow- 
ing in a circuit or machine. Reactive 
volt-amperes are the product of the re- 
active component of the current by the 
voltage. These indicators or what are 
very much like them—reactive factor 
meters—are highly recommended for 
use in place of a power factor indi- 
cator on rotary converters. 

The reactive factor is the sin of the 
angular phase difference between volt- 
age and current, or the ratio of the re- 
active power to the total kva., whereas, 
power factor is the cosine of the angular 
phase difference between voltage and 
current, or the ratio between true watts 
and apparent watts or total kva. In 
operation the power factor indicator 
reads 100 per cent when the power fac- 
tor is unity and the reactive factor in- 
dicator reads zero. Under this condi- 
tion the angular phase difference is 
zero, the current being in phase with 
the voltage and consequently there are 
no reactive volt-amperes flowing in 
the circuit. 

A three-phase wattmeter indicates 
the true watts flowing in the circuit, 
providing it is an indicating wattmeter 
and not a watt-hour meter that R. J. B. 
has in mind. The true watts flow- 
ing in a three-phase circuit, indicated 
by the three-phase wattmeter, are equal 
to the product of the volts * amperes X 
power factor x 1.73. 

Electrical Dept., FRANK AMMANN. 
Sioux City Gas & Electric Co., 
Sioux City, Iowa. 


* * %* & 


Replying to R. J. B.’s question, the 
function of a _ reactive volt-ampere 
meter is to measure the value of the 
product of the voltage multiplied by 
that value of the current which is 90 
deg. out of phase with the voltage. This 
current is called the wattless or the 
reactive component. 

A wattmeter measures the product 
of the voltage multiplied by the value 
of current which is in phase with the 
voltage. This current is called the 
power current or power component. 
The vector sum of these two values of 
current multiplied by the voltage repre- 
sents the total volt-amperes in the 
circuit. 

The usual three-phase watt-meter 
consists of the indicating instrument 
itself with two current transformers, 
which measures the current in two of 
the legs of the three-phase circuit, and 
potential transformers connected to 
give the correct voltage value and re- 
lation for measuring the power com- 
ponent in watts or, as is usually the 
case, in kilowatts. A three-phase re- 
active volt-ampere indicator might con- 
sist of exactly the same apparatus with 
the addition of a double auto-trans- 
former in the potential circuits con- 
nected in such a way as to obtain volt- 
age components of the circuits which 
are 90 deg. out of phase with their re- 
spective currents. The meter then indi- 
cates reactive volt-amperes or, as is 
usual, the meter is calibrated to read in 
kilovolt-amperes, indicating the product 
of the volts multiplied by the amperes 
flowing in ‘the circuit and doing no 
actual work, but that are, nevertheless, 














September,1926 





necessary for exciting or magnetizing 
apparatus such as motors or trans- 
formers which are connected in the 
circuit. 

The greater the reactive volt-amperes 
in a circuit the lower the power factor. 
At unity power factor the reactive volt- 
ampere meter will read zero. Such a 
meter usually has its zero in the center 
and reads in both directions, thus indi- 
cating whether the power factor is lag- 
ging or leading. 

Some power companies base their 
rates upon the amount of reactive volt- 
ampere hours in the circuit metered as 
well as the actual power in watt-hours 
or kilowatt-hours, and where such rates 
are in effect reactive volt-ampere-hour 
meters may be installed. 

If R. J. B. ordered a three-phase 
wattmeter and received a reactive volt- 
ampere meter, a mistake was no doubt 
made and he should take steps to ob- 
tain the instrument he ordered as the 
operator usually requires a wattmeter 
rather than a reactive volt-ampere 
meter. L. T. JOHNSON. 
East Cleveland, Ohio. 


* * %* 


Trouble in Keeping Commutator Bars 
Straight.—I have considerable trouble 
in keeping commutator bars true and 
straight when the commutator is put 
back on the shaft of the armature 
after being repaired. The type of 
armature that I have particular trouble 
with is a $-hp., d.c., No. A3, Westing- 
house motor. The commutator is held in 
place by the front and rear V-rings which 
are locked in place by means of a plate 
screwed onto the armature shaft. In 
tightening this plate the armature bars 
move at an angle or become skewed. Can 
some reader tell me how to assemble 
these small commutators in such manner 
as to prevent them from skewing? 

New York, N. Y. B. L 


Answering B. L. A.’s question on how 
to keep commutator bars from twisting 
while tightening the locking nut, there 
are several. ways to accomplish this. 
One of the simplest ways is to put a 
metal washer between the metal V-ring 
and the nut, and then hold the bars 
from twisting with a chain pipe wrench 
while tightening the nut. This method 
mars the copper segments slightly. 
Twisted bars may be straightened back 
into position, even after the nut is 
tight, by turning them with the chain 
wrench. 

Another way is to drill a hole in the 
circumference of the metal V-ring and 
by means of a: spanner wrench keep 
the ring from turning while the nut 1s 
being tightened with a second spanner 
wrench. A third method, that re- 
quires more work, is to cut a keyway 
in the V-ring, and put a pin in the 
shaft to fit the keyway. The pin should 
not interfere with the nut, or prevent 
it from being drawn tight. Some 
manufacturers use this method of secur- 
ing the commutator bars in place as 
standard practice. 

Most manufacturers tighten the com- 
mutators in a press which clamps the 
V-ring in place and holds it there, 
while the nut is tightened. The nut 
itself is not used to tighten the bars; 
it merely holds the pressure obtained 
by the press. All of the above methods 
require a suitable wrench for tighten- 
ing the nut. Some workmen try to 
set up the nut with a drift, but this 
only damages the nut and sometimes 
ruins it. I am taking it for granted 
that the commutator is only being re- 
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Method of anchoring V-ring to keep 
it from twisting commutator while 
tightening commutator nut. 

A keyway is cut in the V-ring and a 
pin is put in the shaft to fit the key- 
way. The pin should be so located 
that it will not interfere with the nut 
when it is pulled tight. 





paired, and that the bars were orig- 
inally straight. 

In refilling commutators with new 
bars twisting is often caused by using 
cast bars which are not carefully made. 
Again, the bars may have been stacked 
improperly in assembling and machined 
while twisted. Twists of this sort are 
hard to take out and it is sometimes 
necessary to change the position of the 
bars in the commutator, or shim up 
some of the mica segments at one end. 
In such cases it is simply a matter of 
cut-and-try until the desired result is 


obtained. C. B. Kreck. 
Cleveland Heights, Ohio. 


* * * * 


The skewing of the commutator bars 
encountered by B. L. A. can be pre- 
vented by placing the commutator on 
a clamping plate, as shown in the ac- 
companying illustration. This clamp- 
ing plate consists of a steel baseplate, 
a bolt, and a clamping bar. After the 
bars have been properly aligned, the 
commutator is placed on this plate and 
the clamping bar drawn down. The 
clamping bar serves as a press and pre- 
vents the detachable steel V-ring from 
turning. Several blows on the steel 
V-ring with a rawhide mallet will cause 
the V-ring to take its place. After the 
clamping bar has been drawn tight, the 
commutator nut can be tightened. 





This is a clamping bar for applying 
pressure to small commutators. 


Use of this device insures a tight com- 
mutator without danger of skewing the 
commutator bars. 
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Before applying the final pressure, 
the commutator assembly should be 
heated to a temperature from 125 to 
150 deg. C. This will soften the bond 
in the mica V-ring, thus permitting it 
to adjust itself to the irregularities of 
the metal parts. If the commutator is 
tightened while cold, the mica V-ring 
will not conform itself to the metal 
parts because it is hard. If an excess 
pressure is applied to it under these 
conditions the bond will pulverize, caus- 
ing crushed spots. 

For small commutators, the clamping 
bar just described will furnish sufficient 
pressure to obtain a tight commutaor. 
However, on large commutators it will 
be necessary to use a press and a 
special wrench. 


JESSE M. ZIMMERMAN. 
Engineering Dept., 
Homewood Works, 
Westinghouse Electric & Mfg. Co., 
Pittsburgh, Pa. 


* * * * 


I have found it necessary on some 
large commutators to block the arma- 
ture and straighten commutator bars 
by using a jack; so I cannot see why 
such a method cannot be used on the 
smaller jobs, providing they became 
skewed after taking due precautions in 
putting the armature back in place. 

In tightening a commutator, a ring 
tightly bolted around, but insulated 
from the armature, is of assistance in 
keeping the bars straight, and if the 
rear ring is screwed to position first 
and the final tightening done in the 
front ring, it will be of help. As a 
secondary measure I have found it of 
help to skew the bars slightly in the 
opposite direction and their tendency 
to straighten helps to tighten the re- 
taining rings. However, it is prefer- 
able to get away from any skewing as 
the insulating ring is likely to be 
pinched and broken. 

Heat applied to the commutator 
makes it possible to get a tighter fit, 
but also adds to the effort of keeping 
the bars from skewing. However, it is 
essential to have a well-seasoned job in 
order to avoid further trouble. 


Chief Electrician, E. J. MORRISSEY. 
Western United Gas & Electric Co., 
Aurora, Illinois. 


* * * * 


The trouble that B. L. A. has with 
his small armatures is a trouble that 
many winders have with the method of 
fastening the outside V-ring on com- 
mutators with a locking nut. This 
trouble may be prevented by cutting a 
small keyway in the clamping V-ring 
and putting a pin in the shaft so as to 
fit in the keyway. This pin must be 
placed so that the clamping nut will not 
bind upon it when the clamping nut is 
tightened. 

This keying of the V-ring to prevent 
turning is not, however, applicable in 
every case. Another method is to wind 
a small or large loop, according to the 
size of the machine, several times 
around the commutator in a direction 
opposite to that of tightening the nut. 
The end of the rope may be held by 
means of a bar or with the hand, The 
nut is then tightened. This method 
usually holds the bars from twisting. 
In stubborn cases, draw the nut reason- 
ably tight and then take a sharp cold 
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chisel or lead set and go around the 
commutator, driving the bars back 
straight. It will not hurt to skew 
them opposite to the direction the nut 
is turned in tightening. It may be 
necessary to go around the commutator 
several times. GRADY H. EMERSON. 
Birmingham, Ala. 


* * * * 


Replying to B. L. A.’s question, I 
would say that his trouble is caused by 
friction betwen the retaining ring and 
the front V-ring while the ring is being 
tightened. I have experienced the same 
trouble, and here is the remedy: Drill 
a 3-in. hole in the shaft at a point that 
will be under the V-ring after it is 
tightened. In this hole drive a pin, al- 
lowing it to project 4 in. File a slot or 
keyway in the V-ring to fit over this 
pin, as the ring is drawn down. This 
pin will prevent the V-ring from turn- 
ing and the bars will remain straight. 
Indianapolis, Ind. M. V. MILLER. 


* ok * * 


Replying to B. L. A.’s question, the 
commutator should be built around a 
wooden mandril covered with grease, 
so that it can easily be removed. After 
all segments are in place, the com- 
mutator may be held together with 
friction tape until more permanent 
bands of fine brass wire can be tightly 
wound around it. A strip of mica 
should be placed under each band, so 
that when the bands are soldered, the 
solder will not adhere to the com- 
mutator bars. The mandril should 
then be removed and the commutator 
placed on the shaft and tightened. The 
bands may then be removed and the 
commutator trued in a lathe. 


Electrical Engineer, H. E. STAFFORD. 
Provincial Paper Mills, Ltd., 
Port Arthur, Ont., Can. 


x * * * 


Answering B. L. A., I am sure I 
can give him a remedy in a few words. 
The cause of the bars moving when 
tightening a commutator is that the 
front end ring moves, thereby throwing 
the front end of the bars out of line 
with the back end of the bars. If, when 
he starts to put a strain on the nut, he 
will place a Stilson wrench around the 
bars near the front and have someone 
put a tension on it in the opposite direc- 
tion from that in which the nut is 
tightened, I am sure the bars will stay 
straight. Do not push or pull hard on 
the wrench as it is not necessary. Just 
merely hold a tension against the bars. 
Sometimes the wrench will press the 
bars in slightly but this can be easily 
remedied by tapping the bars with a 
hammer once or twice during the 
tightening, at the same time placing 
the wrench in a different position. 
Darby, Pa. GEORGE WM. HANLON. 


* * * & 


Tests on Motors Do Not Check Name- 
plate Data — We have three 200-hp., 
600-r.p.m., 60-cycle, three-phase, 440- 
volt, wound-rotor, induction motors, 
that are used to drive tube mills in our 
cement plant. According to the name- 
plate, the full-load, primary current is 
245 amp., while the full-load secondary 
current is 346 amp. On making a test 
on one of the motors, I found that with 

the belt off the primary current was 125 

amp. Upon putting the belt-back on the 

pulley and loading the motor, the primary 
current rose to 275 amp., while the sec- 
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ondary current went up to 150 amp. 
Upon increasing the load, the primary 
current reached 350 amp. and the sec- 
ondary current 275 amp. According to 
the nameplate the primary_ current 
should be less than the secondary cur- 
rent, while the tests show just the 
opposite. The temperature rise on the 
motors so far has stayed below 40 deg. 
Can some reader tell me what is the 
matter with these motors? 

Ragland, Ala. Rn, 1. B. 


In response to R.LF.’s query in re- 
gard to the operation of three 200-hp., 
wound-rotor motors, I would say that 
it is hardly possible that the trouble is 
in the machines, assuming that the ap- 
plication of machines and service ‘are 
correct. I would recommend that he 
investigate as to the correctness of his 
tests and instruments, and venture to 
say that due to the fact that the fre- 
quency of a wound rotor is very much 
lower than that at which the stator 
operates, correct readings are not ob- 
tainable with some ammeters. I believe 
the difference between his tests and the 
nameplate ratings arises from this 
source. FRANK W. SLOAN. 
San Diego, Calif. 

* * * * 


I do not believe that R.I.F. should be 
alarmed because the full-load secondary 
current of his wound-rotor induction 
motor is not so great as the value given 
on the nameplate. The secondary cur- 
rent given is that value of secondary 
current which would flow in the rotor 
circuit at standstill with full voltage 
applied to the primary winding. This 
is known as the locked rotor current 
and is obtained by blocking or wedging 
the rotor so that it cannot turn and 
gradually raising the primary voltage 
to the nameplate value and reading the 
secondary current which flows at that 
instant. 

This is the maximum amount of cur- 
rent that can be expected to flow in the 
rotor circuit. The full-load secondary 
current will be considerably less than 
this value since it would occur only when 
the motor is delivering its maximum 
torque. The fact that the secondary 
current for the full-load condition is not 
so great as the nameplate value does 
not necessarily indicate any fault in the 
motor. L. T. JOHNSON. 
East Cleveland, Ohio. 


* * * * 


In answer to the question by R.I.F., 
when measuring the secondary current 
of slip-ring induction motors operating 
at normal speed, it is necessary to 
remember that the current frequency 
of the secondary or rotor circuit is 
very low. As a matter of fact, the 
frequency of this circuit is equal to the 
slip of the motor. 

The ordinary slip of induction motors 
is from 3 to 5 per cent. This means 
that the frequency in the secondary 
circuit is two or three cycles per sec- 
ond, when operating at full speed. 
When measuring the current in the 
secondary of a 200-hp., slip-ring motor, 
the natural tendency would be to use 
a current transformer connected to a 
5-amp. meter. The reading of the 
meter would then be corrected in ac- 
cordance with the ratio of the current 
transformer. However, these current 
transformers are ordinarily designed 
for a frequency of 25 to 50 cycles, and 
they will not read accurately on fre- 
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quencies as low as two or three cycles 
per second. If the current in the 
secondary circuit is measured with the 
rotor locked, that is, with the rotor 
standing still, the readings obtained 
when using the current transformer 
and the 5-amp. meter will be accurate. 

A meter which will measure the 
motor nameplate current probably 
could be used, although if this is done 
care must be taken to see that excessive 
current does not flow through it when 
the motor is started. This excessive 
current can be avoided by providing a 
heavy, single-pole, single-throw knife 
switch, which directly short-circuits 
the ammeter during the starting period. 
If this switch is opened after the motor 
is running, the reading can be taken 
without danger to the meter. 

In discussing the actual current 
values recorded by R.I.F., it seems 
apparent that he has tried to use a 
current transformer, and this has re- 
sulted in a much lower reading than 
the value of the secondary current 
actually present, because of the very 
low frequency in the secondary circuit. 
It should be understood that the 
primary circuit of an induction motor 
refers to the stator windings, which 
are directly connected to the a.e. 
supply, and that the secondary or rotor 
circuit corresponds to the secondary of 
an ordinary transformer. 

In making tests of this kind, care 
should be taken to see that the voltage 
on all three phases is maintained at 
practically the same value, and that 
this value is not more than 5 per cent 
less than the rating of the motor. In 
other words, on a 440-volt circuit the 
voltage must be maintained within 5 
per cent of the 440-volt figure, if 
results are to be obtained which will 
agree with the nameplate data. It is 
also best to test the current in all three 
phases, or at least in any two of the 
lines, in order to make certain that 
balanced conditions are present. 

Judging from the results R.I. F. ob- 
tained, that upon increasing the load 
the primary current became 350 amp., 
while the secondary current was only 
275 amp., it might seem that the rel- 
ative positions of the two windings 
of the motor had been misunderstood. 
However, it is believed that the error 
is in the use of a current transformer 
and that R.I. F. understands perfectly 
that the primary winding is the stator 
winding. This latter point has been 
suggested merely because it is very 
often overlooked. 

JAMES B. HOLSTON. 
Commercial Engineer, 


Wagner Electric Corp., 
Chicago, Ill. 


* * * * 


In reply to the question by R. I. F., 
it is possible that the wrong name- 
plates have been used. R. I. F. should 
consult the manufacturer, as it would 
appear that the motors are under-rated 
according to the tests made, and the 
nameplate data. 

The rated, full-load primary current 
is 245 amp. and, assuming a power 
factor of 80 per cent, (245 x 440 x 
1.73 x .8) + 746 = 200 hp. Now, if 
he loaded these motors up to 350 amp., 
and the temperature increased less 


than 40 deg. after running for a long 
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period of time, it is quite evident that 
the motors are under-rated, because 
(350 x 440 x 1.73 x .8) + 746 = 
285 hp. 

I think that if R. I. F. will make a 
very careful check of these motors, he 
will be in a better position to consult 
the manufacturer. My advice would 
be to use a polyphase wattmeter, a 
voltmeter and ammeters to check 
everything. It is possible that these 
motors have been rewound or recon- 
nected in some way since leaving the 
factory, thus causing the readings to 
disagree with the nameplate data. 
Chief Electrician, LEE F. DANN. 
Donnacona Paper Co., Ltd., 

Donnacona, Que., Can. 


Oo GES BLS 


Referring to R.I. F.’s problem, it ap- 
pears as though the meter readings 
were somewhat twisted. It is stated 
that the full-load primary current is 
245 amp. on a 40-deg. motor, but when 
350 amp. or 42.8 per cent overload 
current is flowing through the stator 
-windings, there is no increase in tem- 
perature. 

The nameplate rating shows the full- 
load secondary current to be 346 amp. 
which corresponds very closely with the 
current which flows in the stator. The 
current of 125 amp. is approximately 
the friction load, rotor current, while 
the 275-amp. which flows in the rotor, 
is only 30 amp. above the rated, full- 
load, stator current. This is only 12 
per cent above normal and would not 
heat the windings much above normal 
operating temperature, unless’ the 
motor were operating under this load 
for some time. It, therefore, appears 
as though the readings had been 
switched or that the leads to the rotor 
and stator had been mistaken in some 
manner. 

About the only time that a wound- 
rotor motor will act in an abnormal 
manner is when one of the rotor leads 
is broken or disconnected. Trouble of 
this kind is readily determined, as the 
motor will run at approximately half- 
speed. H. E. STAFFORD. 


Electrical Engineer, 
Provincial Paper Mills, Ltd., 
Port Arthur, Ont., Can. 
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What Causes Heating of This Cable Box? 
—There are six 1,000,000-circ. mil 
cables connected in parallel per phase 
on the cable run between our 2,000-kw. 
3,000-amp., 480-volt turbo-generator and 
the oil switch. These cables are grouped 
in six conduits, each of which holds one 
cable from each phase, or a total of three 
cables. The conduits terminate in the 
bottom of a sheet-iron distribution box. 
In this box the cables are regrouped so 
that all of the cables from one phase go 
out of the left-hand side of the ps 3 of 
the box; all the cables for another phase 
go out through the center of the top of 
the box; and the six cables for the re- 
maining phase go out through the right- 
hand side of the top of the box. With 
this arrangement the entire top half of 
the sheet-iron distribution box heats up. 
What causes this heating and how may 
it be overcome? Should I make the box 
of fiber instead of sheet iron. 
Bellingham, Wash. E. M. D. 





In answer to E.M.D., a conductor 
carrying current is encircled by mag- 
netic lines of force. If the current is 
alternating, the magnetism varies in 
intensity and reverses with the cur- 
rent. When a conductor is surrounded 
by magnetic material this material is 
magnetized. Alternating current causes 
magnetic losses due to the changing 
flux and produces heat in proportion 
to the strength of the current in the 
conductors. E. M.D. states that he has 
carefully grouped the three-phase con- 
ductors in steel conduit, so that each 
conduit, on entering the bottom of the 
distribution box, contains one cable 
from each phase. By this method the 
magnetic field around the three-phase 
circuit has been balanced, which is the 
recognized way of overcoming this 
effect. 

However, in taking the cables for 
each phase out separately through the 
top of the distribution box, an unbal- 
anced condition is produced and heating 
of the upper portion of the box results. 
This can be prevented by making the 
distribution box of fiber, instead of 
sheet iron, as E. M. D. suggests. 

I would recommend in most instances 
eliminating the box entirely and con- 
necting the cables to a bus, as shown 





The use of distribution boxes for 
heavy feeder cables may be avoided 
by employing buses arranged as 
shown here 





Busbhar support with clamp 
‘or non-magnetic material 


— 





Conduit fitting with 
hon-magneric cover 
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Fach conduit contains one 
cable from each phase of 
generator 
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in the accompanying sketch. It is 
generally more satisfactory to use 
copper busbars on insulators, or racked 
cables in concrete tunnels, as feeders, 
when heavy currents are to be carried. 


Electrical Engineer, R. N.. VINING. 
Detroit Seamless Steel Tube Co., 
Detroit, Mich. 


a ee 


Referring to the question by E. M. D. 
in regard to the heating of a cable 
box, this heat comes from eddy cur- 
rents and hysteresis losses, just the 
same as the losses in a transformer 
core. To keep these losses within 
limits in a transformer, we take the 
precaution to select low-loss steel to 
decrease hysteresis and laminate the 
core to increase the resistance to eddy 
currents, but no such precautions are 
taken in the case of the cable box. 

As the cables enter the bottom of 
the box, there are six complete, three- 
phase circuits, one in each conduit. 
Since the currents in all of the wires 
of a circuit are so opposed in direction 
that their algebraic sum is always zero, 
there will be no mutual magnetic effect 
between these circuits and consequently 
no flux in the bottom of the box. 
Through the top of the box, however, 
there is one phase of a 3,000-amp., 
three-phase circuit, with no neutraliz- 
ing current to counteract it, passing 
through each hole. The current sets up 
a strong magnetic flux which flows 
through the top of the box. This flux 
causes hysteresis losses in the sheet- 
iron box and also sets up eddy currents 
causing local I’R losses. 

As a simple test of the above state- 
ments, may I suggest to E. M.D. that 
he place an iron bar between the lower 
circuits. He should find the bar prac- 
tically free from alternating mag- 
netism, and it will not become warm 
if allowed to remain. When the bar is 
placed between the upper circuits, the 
magnetic vibration will probably be 
felt, which will cause heat if the bar 
is not removed. 

If E. M. D. will use fiber for the box 
instead of iron, as he suggests, there 
will be no further trouble from heat, 
provided there is no other iron between 
the circuits. If the circuits go through 
the top of the box in three conduits, 
however, I see no way of preventing 
the heat loss except by regrouping the 
wires in such a way that there are two 
cables of each phase in each conduit. 
In other words, the cables entering 
through any two bottom conduits 
should leave through one top conduit. 
EK. M. D. is not the first man to get 
into trouble from grouping heavy a.c. 
conductors, in such a way that mag- 
netic material can enter the loop of 


the circuit. E. D. CARTER. 
Engineer, 

The Baylis Co., 

Bloomfield, N. J. 


* * & 


Heating of the cable box mentioned 
by E.M.D. is caused by induction or 
eddy currents in the top of the box and 
is dependent upon a number of things 
such as the amount of current flowing 
in the cable passing through the top of 
the box, the frequency of the current, 
number of conductors, and the like, 
These eddy currents are caused by tak- 
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ing the conductors of each phase out in 
separate groups and can be prevented 
by bringing the conductors from each 
phase through the same hole in the box, 
or in the same manner as they are 
brought into the box from the bottom. 
Grouping the conductors from each 
phase in the same hole will allow the 
inductance of the cables of each phase 
to neutralize the others, thereby pre- 
venting the setting up of eddy currents. 
It is possible to make the cover of the 
box of a non-magnetic material such 
as fiber, asbestos and the like. This 
method without a doubt will correct the 
trouble that E.M.D. is experiencing. 
Chief Electrician, E. J. MORRISSEY, 
Western United Gas & Electric Co. 

Aurora, Ill. 

* * * ® 


In answer to the question asked by 
E.M.D., wherein he states he is having 
trouble from his cable box heating, I 
would say that the trouble is due to in- 
duction. According to his statement 
the cables are brought into the box with 
three cables in a conduit. Each of 
these three cables is from a separate 
phase and due to the fact that they are 
all in the same conduit, no eddy cur- 
rents are set up in the conduits. The 
cables running out of this cable box are 
taken out with all of the phase leads 
grouped separately. Consequently, the 
points at which the different phase leads 
pass through the box cause the box to 
heat, due to the eddy currents set up in 
the top of the box. 

In order to eliminate the heating, it 
is only necessary for him to take a 
hack saw and make a saw cut between 
the hole at the left-hand side of the box 
and the center hole and also between 
the hole at the right-hand side of the 
box and the center hole. This saw cut 
will break the circuit of the eddy cur- 
rents and the heating will stop. 
Longview, Wash. D. W. HAMILTON. 


* * * * 


‘In answer to E.M.D.’s question, the 

heating of the top half of the distribu- 
tion box is caused by eddy currents 
which are induced in the sheet-iron box. 
The eddy currents are in turn caused 
by the self-induction of the conductors, 
the nearness of the iron, and the way 
the conductors are grouped on leaving 
the box. 

If E.M.D. would group the cables on 
leaving the box the same way they are 
grouped when entering the box, or in 
any other arrangement as long as all 
the conductors from any circuit leave 
the box from the same outlet, he would 
have no further trouble from heating. 
Newark, N. J, CHARLES H. MCSPIRITT. 


* * * * 


Answering the question by E. M. D. 
in regard to cable junction box heating, 
eddy currents probably are the cause 
of this heating and can easily be elim- 
inated by making a non-magnetic junc- 
tion box. A fiber cover on the box 
might help to prevent the heating. An 
easy way to find out is to remove the 
sheet-iron cover, so as to increase ven- 
tilation, and allow the cables to carry 
their load. If removing this cover fails 
to stop the heating, I would recommend 
the building of a non-magnetic box and 
the trouble will end. 
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It will not be necessary to put on the 
fiber cover until you have determined 
how much the cable box will heat, with- 
out a cover, when the cables are carry- 
ing full load. The fiber cover being 
non-magnetic, will not cause heating, 
although it will prevent cooling air 
from the room or pit from entering the 
box. LEE F. DANN. 


Chief Electrician, 
Donnacona Paper Co,, Ltd., 
Donnacona, Que., Can. 


*x* * %*& 


In answer to E.M.D.’s question, the 
trouble is probably due to eddy cur- 
rents heating the top of the iron box, 
caused by grouping the cables of each 
phase separately. 

We have overcome these faults in 
iron boxes by cutting a narrow slit be- 
tween the three cable openings, so that 
a continuous path is not formed around 
the conductors of any one phase. These 
slits may be cut with an acetylene torch, 
or a row of small holes may be drilled 
close together and the remaining metal 
chipped out with a chisel. 

Another method is to cut all of the 
iron between the openings and use a 
piece of fiber drilled out for the holes 
and screwed to the top of the iron box. 
Summerset, Mass. H. EARL HERON. 


* * * * 


The following information may be 
of use to E. M. D., in explaining the 
reason why the top of his metal cable 
box has been heating up. 

If two or more parallel conductors 
are carrying current in the same direc- 
tion, the magnetic flux surrounding the 
conductors tends to draw them together. 
The lines of force around each con- 
ductor tend to unite with those of the 
other, forming a magnetic flux that 
encircles both the conductors. 

Two parallel conductors carrying cur- 
rent in opposite directions are acted on 
by a force tending to separate them. 
As the lines of force in this case are 
opposite in direction, they cannot unite 
around the conductors, but must pass 
between, tending to crowd them apart. 
In some electrical machines, the stresses 
caused in this way oftentimes become 
of considerable magnitude when the 
currents involved are large. For ex- 
ample, short-circuits on large gener- 
ators and transformers may cause great 
damage by tearing the conductors out 
of place, or by crushing the insulation 
on them. 

Self-induction is the phenomenon 
whereby a change in the current in a 
conductor induces an emf. in the con- 
ductor itself. This induced emf. is al- 
ways in such a direction that it tends 
to oppose any change in the current in 
the conductor, according to Lenz’s law. 
The opposing emf. thus produced is 
referred to as the counter-electromo- 
tive force of self-induction. The value 
of the magnetic flux around any con- 
ductor depends on the strength of the 
current. Any change in the current 
causes a corresponding change of flux, 
and the change of flux induces in the 
conductor an emf. in such a direction 
as to oppose and retard the change of 
current. 

If a conductor is surrounded by mag- 
netic material this material will be 
magnetized. If alternating current is 
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flowing in the conductor the rapid 
change of flux may cause much heating 
of any magnetic material that is close 
to the conductor. 

On the other hand, if two conductors 
lie parallel to one another and the cur- 
rent in each is flowing in the opposite 
direction to that in the other, the field 
developed about one will oppose the 
field about the other. The result is 
that, if the conductors are very close 
together, the fields will almost entirely 
neutralize each other and there will be 
no appreciable self-induction. 

The practical application of this is 
that if conduit is used, all wires of the 
same portions of an alternating-current 
circuit (feeder, main, or branch) must 
be installed in one conduit, in order to 
prevent self-induction and consequent 
heating. 

In E.M.D.’s case, when the wires are 
brought out of the cable box in the 
proper order, there should be no 
heating. 

As a possible remedy for the pres- 
ent conditions, if a fibre box can be 
made to withstand the conditions en- 
countered, it should be used. 

WILLIAM McGuIRE. 


Electrical Engineer, 
Carbondale Machine Co., 
Carbondale, Pa, 


* e+ & & 


In reply to the question asked by 
E.M.D. concerning the heating of his 
cable box, I would suggest that he use 
some non-magnetic material such as 
brass or aluminum instead of sheet iron 
for the top of this box. Sheet iron is 
a magnetic material and when used 
where it is magnetized and demagnet- 
ized many times per second, as would 
be the case when it is placed around 
cables carrying 60-cycle current, this 
magnetizing and demagnetizing sets up 
eddy currents which heat the iron. If 
E.M.D. will use brass or aluminum for 
his box, I think his trouble will be elim- 


inated. 
Robertsdale, Pa, E. E. SIGEL. 


* * * 


Heating of Commutator on Rewound Re- 
pulsion-Induction Motor — I recently 
rewound a G. E. single-phase 4-hp. 
four-pole type RI 110-volt repulsion- 
induction motor and am having trouble 
with it on account of heating. e com- 
mutator seems to heat first and in about 
two hours the motor pe so hot that you 
cannot put your hand on it, and it keeps 
on getting hotter. It does this when 
running idle. I have tested the commu- 
tator, armature, fields, and bearings and 
they seem to be O. The armature is 
well balanced. I used No. 16 d.cc. wire 
in the rotor and main field and No. 18 in 
the compensating field. I shall appreciate 
any information regarding the cause and 
remedy of this condition. 

Hubbard, Ore. R. S. 


In reply to R. S.’s question, I wish 
to say that the trouble he is experienc- 
ing with a rewound repulsion-induction 
motor, is probably due to a defective 
short-circuiting mechanism. Motors of 
this type use the commutator for start- 
ing duty only. When the rotor gets up 
to a certain speed the commutator is 
automatically short-circuited, which 
makes the operation of the machine 
identical with that of a single-phase, 
induction motor. When the short-cir- 
cuiting device is functioning properly, 
the commutator cannot heat. 

L. KONSTAM. 


Jones Electrical Repair Service, 
New York, > 
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For this section short articles describing ideas and practical methods devised to 
meet particular operating conditions are invited from readers. The items may 
overhauling, testing, and emergency or special installations. 


refer to inspection, 


Determining Power Factor 
With Watt-Hour Meters 


HE subject of determining power 

factor was discussed on page 92 of 
the February, 1926, issue of INDUSTRIAL 
ENGINEER by James P. Marshall in a 
very comprehensive and detailed man- 
ner. Certain practical methods for 
obtaining the required results were 
covered which are readily applicable to 
the usual conditions occurring in actual 
practice. While no criticism is intended 
for the article mentioned, it is believed 
that some suggestions might simplify 
the method used and improve the accu- 
racy of measurement. 

It is well known that the power in 
a three-phase circuit can be measured 
with a polyphase watt-hour meter hav- 
ing two potential and two current 
coils, or by two single-phase watt-hour 
meters. It is assumed that in the 
usual industrial installation, the load 
circuits are ungrounded. However, the 
necessary modifications can be made 
and the results obtained will not be 
=" when the following method is 
used. 

Accordingly, it follows that the varia- 
tion in the energy measured by the 
separate elements of the meter will 
depend entirely upon the power factor 
of the circuit. A very good example 
of this is a load having exactly 50 per 
cent power factor; if two single-phase 
watt-hour meters are used, the disk of 
one meter will stand still. The general 
formula for the energy of a three- 
phase circuit is: Total watt-hours = 
W, + W:, where W, and W: represent 
the registrations of the separate ele- 
ments of a polyphase watt-hour meter 
or the individual registrations of two 
separate single-phase watt-hour meters. 

The test for power factor when the 
meter disks are visible may be con- 
ducted as follows: If the watt-hour 
meter is of the polyphase type, take 
the time of say ten revolutions of the 
disk without any change of connec- 
tions, calling this result 7,,. Then dis- 
connect one of the voltage elements 
and again take the time for ten revolu- 
tions. The last test will probably take 
a longer period of time, or 7:. Know- 
ing the meter constant and if the time 
is taken in seconds, the total load W; 
in watts may be calculated by the 
formula: Watts = (3,600 x K x R) 
+ S, where K = watt-hour constant, 
R= number of disk revolutions, and S 
= time in seconds required for R revo- 
lutions. 

The registration of the single element 

1 may now be obtained as follows: 

1= W, x (Ty, + 17:). The energy 
registered by the other element, W,, 


may be found by using the formula 
+ — W:. The power factor of 
the circuit may now be obtained as 
follows: Find the ratio of W: and W, 
by dividing the smaller by the larger 
value and substituting this value for X 
in the following equation: Power factor 
in per cent = 100 x 4 X V(1 +X)’ 
+ (1 + X*). For quicker determina- 
tion of the power factor consult the 
accompanying curve, which only re- 
quires that the value of the ratio be 
calculated. 

In connection with the use of the 
power factor formula, a word of cau- 
tion should be noted. When the power 
factor is less than 50 per cent one of 
the meter elements will move faster 
when operating alone, while the other 
will reverse. In fact, if the power 
factor is exactly 50 per cent one of the 
elements will not revolve when the 
other is disconnected. If a polyphase 
meter is used for the test, equation 
W, = W: — W; still holds good, except 
that if one element reverses its rota- 
tion, the value must be considered 
negative or minus. The equation would 
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By means of this curve the power 
factor expressed in per cent may 
be found from the values registered 
by the individual elements of a 
polyphase watt-hour meter. 





then become W; = W; — (—W:) or 
W., = W; + W,, which shows that the 
element W; would speed up when oper- 
ating alone. Accordingly the ratio of 
the smaller value of W divided by the 
larger would be negative, as is shown 
on the ordinate of the curve. 

Using two single-phase watt-hour 
meters it is not necessary to calculate 
the load in watts as it may be obtained 
directly from the timing of, say, ten 
revolutions of each meter. Since the 


speed is directly proportional to the 
load the following relation is obtained: 
W, ~ W. = T; + T7;. Likewise, the 
same number of revolutions of the 
faster moving element multiplied by 
its load equals the time of the slower 
moving element multiplied by its load. 
The fact should also be remembered 
that in using two separate, single-phase 
meters, W: and W; are obtained sepa- 
rately from each meter. These values 
could be determined from the formula 
W, = W; — W,, by taking the time of 
each element separately. It might also 
be done as a check with a polyphase 
meter, although this is not actually 
necessary. 

When the meter disks are not visible, 
the following procedure is required. 
This is not a frequent condition, but if 
encountered it will be necessary to take 
the time required by the meter dial to 
traverse one division of the smallest 
dial and calculate the actual load ac- 
cording to the formula: Kilowatt-hours 
per hour = (kilowatt-hours ~ time 
interval in minutes) x 60 = kilowatts. 
This must be done as described pre- 
viously for the visible type meter disk 
when one element is disconnected. How- 
ever, in this case, we can modify the 
test very materially; as we have ob- 
served the time for the same watt-hour 
or kilowatt-hour registration, the time 
will be a measure of the load. The 
relation Wi + W, = T, + T: is ap- 
plicable; that is, the ratio of the ele- 
ment registrations may be obtained by 
dividing the lesser time by the greater 
and obtaining the power factor directly 
from the curve, or by the power factor 
formula as previously given. 

In all of the foregoing tests it has 
been assumed that we are particularly 
interested in obtaining the power fac- 
tor value. It is, however, readily pos- 
sible, if the actual watt demand and 
power factor are known, to calculate 
the kilovolt-ampere demand by the 
formula, kva. = kw. ~ P.F. 

The description of this method of 
determining power factor has been 
given in considerable detail, but its 
application is exceedingly simple. Ad- 
vantages that recommend its use are as 
follows: 

- (1) No voltmeters or ammeters are 
required. 

(2) No inherent error is involved in 
calculating the kilovolt-amperes due to 
instrument errors and the difficulty of 
taking readings on an unsteady load. 

(3) The method is inherently accu- 
rate, as the watt-hour meter is an 
accurate instrument. 

(4) When a _ watt-hour meter is 
already installed, no additional test 
instruments of any kind are required. 
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This method has been used for a 
number of years in actual practice with 
excellent results. The writer, when an 
employee of a public service corpora- 
tion, had occasion to observe that the 
customer’s representatives were much 
more agreeable to having tests for 
power factor made in this way than 
with the many instruments, instrument 
transformers and complicated connec- 
tions that would be otherwise required. 

C. OTTO VON DANNENBERG. 


Designing Engineer, 
General “6 tied & Management Corp., 
New York, N. Y. 
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Interlocking of 
Screen Motor Control Prevents 
Damage from Overflow 


OME paper mills are troubled with 
S stock running over in screen rooms 
and flooding things generally. In our 
mill we have found a way to prevent 
this overflow by having the pump mo- 
tors shut off automatically when the 
screen motors stop. The starters of the 
screen motors and the stock pump mo- 
tors are so interconnected through the 
no-voltage release coils on the pump 
starters, that in case either screen mo- 
tor stops, both pump motors are shut 
down. 

This interconnection was made by the 
use of four fuses and a 550-volt, double- 
poie contactor with a single closing coil. 
The accompanying wiring diagram 
shows the arrangement and connections. 
It might be of interest to know that 
the pumps are in the basement and that 
the screens are located in a gallery on 
the first floor, the operator being unable 
to see the screen from where the pumps 
are located. 

With the arrangement shown in the 
accompanying scheme, it is impossible 
to start either or both of the pump mo- 
tors unless the proper number of screen 
motors have been placed in operation. 


550-volt power supply 
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The coil of the contactor which 
closes the circuit to the no-voltage 
release coils for the pump motor 
control can be energized only when 
the screen motors are running. 


























This is accomplished by interlocking the 
control of the pump motors with that 
of the screen motors. In order to oper- 
ate either or both of the pump motors, 
it is necessary to energize the closing 
coil of the interlocking contactor, which 
closes the circuit through the no-voltage 
release coils on the switches controlling 
the pumps. 

Current for energizing the contactor 
closing coil can be obtained only when 
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one or both of the screen motors are 
running, as follows: When screen mo- 
tors Nos. 1 and 2 are running, fuses are 
placed across the dotted lines 1 and 2. 
This connects phase A of screen motor 
No. 1 with the closing coil of the con- 
tactor through fuse 1. The circuit is 
completed through fuse 2, to phase B 
of screen motor No. 2. Since both 
screen motors are connected to the 
same power supply by means of 
switches 3 and 4, current will flow from 
the A phase of No. 1 screen motor 
through the closing coil to the B phase 
of No. 2 screen motor, provided these 
motors are in operation. The contactor 
will then close completing the circuit 
through the no-voltage release coils on 
the pump motors, thereby permitting 
them to be started. 

With screen motor No. 1 operating 
alone, fuses are placed across lines 
1 and 3. Phase A of screen motor 
No. 1 is thereby connected through fuse 
1 to the closing coil and back through 
fuse 3 to phase B of the same screen 
motor. If No. 1 screen motor is in 
operation, current will flow through 
the closing coil as outlined, causing the 
contactor to close, thereby completing 
the circuit through the no-voltage re- 
lease coils of the pump motor starters 
and permitting either pump to be 
started. When No. 2 screen motor only 
is running, fuses are placed across 
dotted lines 2 and 4 to complete the 
circuit in a like manner. 

If for any reason the power supply 
to the screen motors fails, the contactor 
will open and cause the no-voltage re- 
lease on the pump motor control to 
trip, thereby shutting down the pumps. 

Inasmuch as the current drawn by 
the contactor coil is comparatively 
small, l-amp. fuses are used. It will 
also be noted that only two fuses are 
in use at any time, thereby avoiding 
possible danger from short-circuits. 
Single-pole switches were suggested in 
place of the fuses, but they were not 
used because of the possibility of some 
unauthorized person closing all of the 
switches at once and receiving a severe 
burn or shock. LEE F. DANN. 
Chief Electrician, 


Donnacona Paper Co. Ltd., 
Donnacona, Que., Can. 








Ground Detectors for Use on 
Low-Voltage Systems 


HILE working in a certain shop 
a great deal of difficulty was ex- 
perienced with grounds on beth the 
220-volt d.c. and the 440-volt a.c. sys- 
tems, because there was nothing to indi- 
cate when a line became grounded. This 
led to the installation of two ground 
detectors made up of lamps as shown 
in Figs. 1 and 2. These detectors were 
placed on the end of the switchboard 
in the power house. 
On the 220-volt d.c. system four 110- 
volt lamps were connected in series 
across the line. If 220-volt lamps are 
used only two would be required in 
series. Between lamps 2 and 8, as 
shown in Fig. 1, a ground tap was 
made. When the system is clear of 
grounds the four lamps will burn equally 
bright at one-half voltage. If the nega- 
tive line is grounded lamps $ and 4 will 
cease to burn, while lamps 1 and 2 will 
burn at full voltage. A high-resistance 
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ground will show up as an unbalanced 
condition in lights 1 and 2 against 
lights 3 and 4. 

For the convenience of the electrician 
a portable test box was made with four 
lamps connected the same as the ground 
detector in Fig. 1. This box was con- 
nected to the line by means of a two- 
conductor cable with Bull Dog con- 
nectors at the ends so that they could 
be quickly and firmly clamped to the 
busbars in any fuse box on the system. 
The ground wire was connected to the 
fuse box, which was metallic and per- 
manently connected to ground. See 
Fig. 3 for illustration of these connec- 
tions. 

A few trouble cases will best illus- 
trate the operation of this detector. 
































220-Vo/t DC. 440-Volt /¢ 
system system 2? 
i F 
Sx 
Ras 
110-Vo/%s, ! = 
Jamps-fs-----.. : <=) 
Pr Se Voltmeter 
terminals 1 5 
\ 
anol } } = 
Fig. | Fig. 2 


Figs. 1 and 2—Connection scheme 
for a ground detector using lamps. 


In Fig. 1 is shown an arrangement 
using four 110-volt lamps for indicat- 
ing grounds on a 220-volt system. Fig. 
2 shows the connections for a detector 
used on a 440-volt, three-phase system. 





One day the operator in the power 
house noticed that lamps 3 and 4 burned 
brightly, showing that the positive line 
was grounded. His instructions were 
to locate the ground by opening the 
switch of each feeder panel, one at a 
time, to see if the four lamps would 
burn with equal brilliancy at one-half 
voltage. When he opened the switch on 
feeder-panel No. 3 (Fig. 3) this condi- 
tion was not fulfilled. The operator 
immediately knew that the ground was 
located on some line connected to this 
feeder-panel. He at once notified the 
electrical foreman who assigned an 
electrician to locate the ground. Feeder 
panel No. 3 had six fuse boxes: each 
provided with a cutout switch, and all 
lines connected to these boxes were 
fused. In this manner a ground in any 
conduit or machine can be eliminated 
by disconnecting the line from the 
feeder box by pulling the fuse. 

The electrician proceeded with the 
elimination process by going to fuse 
box 3-A (Fig. 3). After connecting the 
test set to the fuse box and noting the 
difference in brilliancy in the lamps, he 
opened the disconnecting switch. This 
did not affect the condition of the lamps 
as lamps 8 and 4 still burned bright. 
Immediately he knew that fuse box 
8-A was clear of grounds. After con- 
necting the test set to fuse box 3-B he 
found that when he opened the discon- 
necting switch instead of lamps 3 and 4 
burning bright and lamps 1 and 2 not 
burning at all, the four lamps burned 
with equal brilliancy at half voltage. 
This showed that the ground was lo- 
cated on one of the six lines which were 
connected to this box. 

The next step in the elimination proc- 
ess was to test the six different circuits. 
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by pulling a fuse on each positive line 
in turn and closing the disconnecting 
switch to see if the four lamps burned 
with equal brilliancy. When the fuse 
on circuit No. 5 was pulled and the dis- 
connecting switch closed, instead of 3 
and 4 burning bright, the four lamps 
burned the same. This showed that the 
ground was located on the positive side 
of circuit No. 5. The electrician imme- 
diately replaced the fuse and discon- 
nected the electric equipment at the 
other end of this circuit. He then noted 
that lamps 3 and 4 on the test set con- 
tinued to burn brightly. It was evident 
that the ground was between the fuses 
and the cutout switch at the motor. 
This also indicated that the positive 
wire was grounded in the conduit, which 
was true. 

Another case of trouble that the oper- 
ator noticed was that lights 1 and 2 
burned very bright for a few minutes, 
but two or three minutes later lights 3 
and 4 burned very bright. This indicated 
that the ground must be in some motor 
that was periodically reversed. This 
condition continued for several hours. 
The ground was found to be on feeder 
panel No. 1. All of the motors con- 
nected to this feeder operated continu- 
ously in one direction with the excep- 
tion of the motors on a crane. It was 
plain that the ground was on one of the 
motors or the wiring of this crane. 
It was found that the armature trolley 
wire on the bridge which supplied power 
to the armature leads of the hoist mo- 
tor was grounded. 

During a third case of trouble, lamps 
8 and 4 would burn very bright for a 
short time. For a period of approxi- 
mately ten minutes the condition re- 
mained normal, then lamps 2? and 4 
again glowed bright for a few min- 
utes after which they became normal. 
Two hours later they .again glowed 
brightly for a few minutes and during 
this time the operator was able to de- 
termine that the ground was on feeder 
No. 5. By analyzing the type of work 
done and the time of operating the 
equipment on this feeder line, it was 
decided that the ground must be on the 
electrical equipment that operated the 
turntable at the locomotive roundhouse. 
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Investigation proved this assumption 
to be true. 

This type of ground detector was also 
installed on the three-phase, 440-volt, 
a.c. system. Twelve 110-lamps were 
connected in three groups of four each 
in series, connected star across the 
three-phase lines, the center connection 
of the star being grounded as shown in 
Fig. 2. This placed eight lamps in 
series across each of the three phases. 
Half as many 220-volt lamps could have 
been used if desired. When the three 
lines were clear of grounds the 12 lamps 
would glow equally bright at half- 
voltage. 

For example, let us assume that phase 
No. 3 became grounded. Under this 
condition lamps 9, 10, 11, and 12 would 
not burn, while lamps 1 to 8 would burn 
at full voltage. For the electrician’s 
use we made up a portable test box 
to connect to the fuse box, when testing 
for grounds on the a.c. system. This 
box contained 12 lamps connected the 
same as in Fig. 2. Bull Dog connectors 
were used on the leads so as to facili- 
tate connections. 

Before installing this detector, phase 
No. 3 had a ground which we were un- 
able to locate. When the ground de- 
tector was connected, lamps 9, 10, 11, 
and 12 did not burn at all while the 
rest burned bright. The first step in 
the process of elimination was to test 
out each feeder. This test did not 
change the condition of the lamps, 
which indicated that the ground was 
not on any of the feeder lines. We 
eliminated the motor-driven exciter by 
using a turbine-driven exciter, but still 
the ground remained. Alternately the 
four turbine-driven generators were 
taken off the line, but we were unable 
to locate the ground. Our next step 





Figs. 3 and 4—Steps in locating a 
ground on a feeder supplying many 
circuits. 


3y means of the power house ground 
detector the ground was found to be 
connected to No. 3 feeder as shown 
in Fig. 3. By testing with the port- 
able detector connected as shown, the 
ground was located on circuit No. 5.. 
Fig. 4 shows how detectors may be used 
in substations that are tied together. 
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was to disconnect the three-phase side 
of the two auto-transformers which 
were connected open-delta across the 
line for starting a large m.g. set (this 
being the only m.g. set directly con- 
nected to the bus). Immediately the 12 
lamps glowed equally bright at half- 
voltage, thus indicating that this auto- 
transformer was grounded. 

On another case of ground trouble, 
lamps 5, 6, 7, and 8 went out and the 
rest of the lamps burned bright; then 
lamps 1, 2, 38, and 4 were extinguished 
and the remaining lamps burned bright. 
Tests at the power house indicated that 
this ground was on the feeder supplying 
power to the scrap-yard crane, which 
was driven by three-phase, a.c. motors. 
Immediately we knew that the switch- 
ing of the ground from one phase to 
the other was due to the switching of the 
primary leads on the motor when revers- 
ing the direction of rotation and, there- 
fore, the ground was quickly located. 

In conjunction with this type of 
ground detector, a daily check with a 
voltmeter showed up a great many 
high-resistance grounds. Each detector 
was provided with terminals so that 
the voltmeter might be quickly attached 
to the board. On the d.c. system the 
normal voltmeter reading from either 
line to ground was 110 volts, while on 
the a.c. system it was 220 volts. This 
would be true if the line voltage were 
220 and 440 volts respectively. 

On one occasion the voltmeter read 
140 volts from the positive bus to 
ground. This indicated that there was 
a high-resistance ground on the nega- 
tive line. When the voltmeter leads 
were switched to the negative line the 
voltmeter read only 80 volts. This sus- 
tained our belief that a high resistance 
ground existed on the negative side. 
As an aid in eliminating high-resistance 
grounds the test boxes were equipped 
with voltmeter terminals so that the 
electricians could connect the voltme- 
ters to the test box and determine when 
he had eliminated the high-resistance 
ground. 

This ground detector will work just 
as efficiently on a large d.c. system that 
is tied together as shown in Fig. 4. 
Such a system would likely be used in 
a large industrial plant. Let us assume 
a ground appeared on some line con- 
nected to substation No. 8; the oper- 
ator in substation No. 2 sees that lights 
3 and 4 are burning bright. Assume 
that the operator opens the tie line 
to substation No. 5; lamps ? and 4 still 
burn bright. He then knows that the 
ground is not on the feeders radiating 
from this substation, and hence opens 
the tie line to substation No. 8. Imme- 
diately the four lamps glow equally 
bright at one-half voltage; this shows 
that the ground is on some of the 
feeders in sub-station No. 8. The oper- 
ator in substation No. 8 must then be 
notified and he in turn will locate the 
feeder which is grounded and inform 
the electrical foreman. The responsi- 
bility for reporting grounds rest upon 
the station operator, who can generally 
be depended upon to make a complete 
report of any ground that might appear 
and how soon it was cleared. 

J. M. ZIMMERMAN. 


Renewal ‘Parts Engineer, 
Homewood Works 

Westinghouse, Electric & Mfg. Co. 
Pittsburgh, Pa. 
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Mechanical maintenance of 


Power Drives 











This department will furnish mechanical details of installation, operation and main- 
tenance of equipment in the path of power service from the first mechanical driv- 
ing element through the auxiliary transmitting equipment to all driven machines. 


Chain Drives Increase Textile 
Mill Production 


MOOTH, continuous application of 

power is a very necessary factor in 
the drive of textile machinery. The 
importance of this and what it would 
do was not recognized in our 44,000- 
spindle mill until the 184 spinning 
frames were connected up with indi- 
vidual General Electric motors through 
Link-Belt silent chain drives. Ninety- 
four of these frames are driven by 
5-hp. motors and chains, and the re- 
mainder by 74-hp. motors and chains. 
Aside from the flexibility of the indi- 
vidual drive, the quality of our product 
has been wonderfully improved through 
the even and unvarying speed with 
which our frames are now being driven. 
Formerly the varying speed of the 
steam engine and the slippage of the 
belt which descended from an overhead 
lineshaft, resulted in considerable 
breakage of the yarn at the traveler. 

This loss, which I estimated to be at 
least 6 per cent, has now been entirely 
eliminated. In consequence, production 
has increased 6 per cent which, with 
the 184 frames in operation, is equiva- 
lent to putting 11 extra frames on the 
floor. Because of the increased pro- 
duction obtained in the spinning de- 
partment through the introduction of 
the individual drive, 48 more looms 
were installed. The gain from the 48 
additional looms may be estimated at 
more than $4,000 annually which rep- 
resents the profit resulting from the 
increased production, because of the 
change from steam power to _ indi- 
vidually-driven machines. 


Superintendent THOMAS A. SIZEMORE. 
American Spinning Company, 
Greenville, S. C. . 





Chart for Determining Arc of 
Contact on Belt Drives 


N LAYING out a belt drive the arc 

of contact should be as close to 180 
deg. as possible. A 180-deg. are of con- 
tact is possible, however, only when both 
pulleys are of the same diameter. It is 
not considered good practice in any 
case to have the arc of contact on the 
smaller pulley less than 165 deg. Below 
that point a belt must be run at a very 
high tension to make up for the loss 
in are of contact or some type of belt 
wrapping device used. If it is neces- 
sary to operate a belt at a lower arc 
of contact, allowance must be made in 
the capacity rating. For example, at 
an are of contact of 160 deg., a belt 
will transmit only about 90 per cent 
of its rated capacity. With decreasing 
arc of contact the power-transmitting 





capacity decreases rapidly, until at 140- 
deg. arc a belt will transmit only 80 
per cent of its rated capacity. 

Wherever possible it is advisable to 
increase the distance between centers, 
which will increase the are of contact. 
The accompanying chart may be used 
to determine quickly the are of contact 
for various diameters of pulleys set at 
different center distances, until a satis- 
factory layout has been carefully 
established. 

This chart is used on open drives 
where the belt is practically without 
sag. The method of using the chart 
is as follows: Locate the difference in 
pulley diameters in inches on the scale 
at the left, and the center distance in 
feet on the scale at the right. When 
these two points are connected with a 
straight-edge which may be either a 
fine thread, or preferably a celluloid 
rule, the are of contact on the smaller 
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Method of using chart for deter- 
mining arc of contact. 


This chart was prepared and copy- 
righted by J. E. Rhoads & Sons, Phila- 
delphia, Pa. In the instance illustrated, 
the large pulley is 30 in. greater in 
diameter than the small pulley, and the 
center distance is 20 ft. The inter- 
section with the center line of the line 
connecting these two points on the 
corresponding outside scales indicates 
that the arc of contact would be ap- 
proximately 173 deg. 


pulley may be read off at the inter- 
section of this line with the center 
diagonal line. The formula on which 
this chart is constructed is shown at 
the base of the chart. 


———_>———_ 


How Variable Speed Control 
Saves $15,000 a Year 


N OUR plant the cost of finishing 

ginghams has been materially re- 
duced by the installation of two speci- 
ally designed range finishing systems. 
The variable-speed transmissions, which 
control the speed of the tentering ma- 
chines and starch mangles, play an 
important part in the success of this 
process, 

Each system is composed of a 
brusher, a starch mangle, a tender 
range, a dryer, a series of callender rolls, 
and two Reeves variable-speed trans- 
missions. With the exception of the 
brusher and the dryer fans, the entire 
system is driven by a 40-hp., variable 
speed, slip-ring induction motor, which 
is belted to a jackshaft. 

The calender rolls are driven from 
this shaft by means of one Morse chain, 
while another Morse chain drives one 
sprocket on a No. 5 class G Reeves 
automatic, variable-speed transmission 
which, in turn, drives the mainshaft 
of the tentering machine through 
another silent chain. By means of 
bevel gears, this shaft drives a long 
shaft extending to the other end of the 
range, where the power is transmitted 
through a chain to a hand-controlled, 
variable-speed transmission. From this 
the starch mangle is driven through 
another chain. 

The speed of the 40-hp. motor is reg- 
ulated in accordance with the nature 
of the goods and the time required 
for drying. The speed of the tenter 
range is controlled automatically by 
the variable-speed transmission which 
is regulated by the compensator on the 
calender rolls. 

When the texture of the goods 
changes, the floating roll on the com- 
pensator tends to rise or fall, but in 
so doing it affects the transmission, 
and causes it to adjust the tenter range 
speed so as to hold the floating roll in 
the correct position. The speed vari- 
ations amount to about 2 per cent, 
although the transmission can easily 
care for a much wider range of speed. 

The speed of the starch mangle is 
controlled in a similar manner, except 
that the transmission is controlled by 
hand. When the operator observes a 
change in the position of the floating 
roll on the mangle compensator, he ad- 
justs the transmission so as to keep 
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the roll within its floating range. This 
is not quite so convenient as the auto- 
matic system, but we had been using 
these hand-controlled transmissions in 
another part of the plant and installed 
them here to save the expense of new 
ones. 

The transmissions have given entire 
satisfaction, and we have not spent one 
cent for repairs on them. We might 
have employed three synchronized 
motors for regulating the speed, but 
the cost of the motor-generator set, 
which would have been.required, would 
have been about $1,500. In addition, 
the power cost would have been in- 
creased by using three small motors in 
place of a single large one. Each range 
now requires, by actual test, only 
32 hp. 

Finishing in range has resulted in 
important economies.. Each of our 
present systems, using only one man, 
turns out 80 yd. per min. When brush- 
ing, tentering, and calendering were 
done in three separate operations, one 
tenter man and one calender operator 
turned out only 40 yd. per min. In 
other words, the new system has quad- 
rupled the production per man. To 
obtain a production of 160 yd. per min. 
by the old method would require four 
calender operators and tenter men, or a 
total of eight-men where we now use 
two. The saving in the labor of six 
‘men amounts to $7,800 per year. 

An even greater saving has been 
effected by the great decrease in the 
percentage of narrows. Considerable 
trouble was caused by the frequent 
‘starting and stopping and by the goods 
running out from under the clamps. 





Variable speed drive on tentering 
machine. 


The speed of this 90-in. tentering ma- 
chine is automatically controlled by the 
Reeves (Reeves Pully Co., Columbus, 


Ind.) variable-speed transmission unit 
in the foreground. This transmission 
keeps the tension of the cloth uniform 
between the tenter and calender and 
so prevents imperfect production. 
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The narrows have been reduced from 
1 per cent to % of 1 per cent, a reduc- 
tion of 87.5 per cent. This saves about 
240,240 yd. of goods annually. Since 
we lose an average of 3 cents on each 
yard sold as narrows, we are saving 
$7,207.20 annually from this source. 

The total saving amounts to $15,- 
007.20 a year, and since the two ranges 
cost about $50,000 the net annual re- 
turn on the investment is 30 per cent. 
This means that the new finishing 
equipment will repay its entire original 
cost every 34 years. 

It has also effected a saving in floor 
space, since the two new machines 
occupy no more space than the three 
old ones which were removed. In other 
words, we now get 160 yd. per min. 
from a space which formerly produced 
only 120 yd. per min. The variable 
speed transmissions have been an im- 
portant factor in the success of our 
range finishing systems in that they 
add very little to the cost when com- 
pared with the increased results ob- 
tained from a $50,000 investment. 

J. E. WILLIAMSON, 


Superintendent, Finishing Mill, 
Highland Park Mfg. Co., 
Charlotte, N. C. 





Lubrication of 


Cranes and Hoists 
(Continued from page 420) 


time. Gears which are not en- 
closed may be lubricated by any of 
the special gear greases. 

The lubrication of the mechanical 
brakes on cranes is a very important 
matter. These are run in a bath of 
oil which should be changed fre- 
quently. Also, the brakes should be 
taken apart and examined every six 
months at least for wear and adjust- 
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ment. The lubrication of solenoid 
brakes should be taken care of as 
provided by the manufacturer. Care 
must be taken, however, that no 
lubricating oil is placed on the brake 
wheels of the solenoid or bridge 
brake. 

The cable also needs frequent 
lubrication. For this purpose a 
mixture of linseed oil and graphite 
or similar, special, cable lubricants 
should be used. Ordinary lubricat- 
ing oils should not be used. 

Electric hoists offer a different 
lubrication problem. These units 
are usually more compact than are 
cranes and also the working parts 
are practically always enclosed. This 
makes it much easier to provide 
lubrication for most of the gears by 
means of the splash or oil bath sys- 
tem. The oil well is usually filled 
from the outside and has some sort 
of gage or other means for indicat- 
ing the proper level. The frequency 
with which the oil should be drained 
from the compartment and refilled 
depends very much upon the amount 
of use and the conditions under 
which the hoist operates. The motor 
bearings are generally of the ring- 
oiling type or ball- or roller-bearing 
types, each of which has its own 
method of lubrication. 

In the lubrication of a hoist, con- 
siderable attention must be given to 
the temperature under which it oper- 
ates. Lubrication recommendations 
usually are included by the manu- 
facturer for three different condi- 
tions: outdoor winter operation or 
around ice plants, operation under 
ordinary temperature conditions, and 
operation where the temperature is 
over 140 deg. F. Manufacturers of 
lubricants will supply oils for use 
in the different bearings and oil 
reservoirs suitable for these various 
conditions. 

Another article to appear in an 
early issue of INDUSTRIAL ENGINEER 
will discuss some of the problems in 
the lubrication of conveyors. 


EpitTors’ Note: Acknowledgment is 
made to the following companies for 
assistance in supplying information and 
photographse used in this article: The 
Bassick Mfg. Co., Chicago, Ill.; Carr 
Fastener Co., Cambridge, Mass.; The 
Chisholm-Moore Mfg. Co., Cleveland, 
Ohio; The Cleveland Crane & Engineer- 
ing Co., Wickliffe, Ohio; The Euclid 
Crane & Hoist Co., Euclid, Ohio; 
Harnischfeger Corp., Milwaukee, Wis.; 
Keystone Lubricating Co., Philadelphia, 
Pa.; Link-Belt Co., Chicago, Ill.; North- 
ern Engineering Co., Detroit, Mich.; 
Shepard Electric Crane & Hoist Co., 
Montour Falls, N. Y.; The Yale & 
Towne Mfg. Co., Stamford, Conn.; 
Whiting Corp., Harvey, IIl. 
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In the Repair Shop 











This section is devoted to repair work on electrical and mechanical equipment. 
Special attention is given to shop or bench tools and short cuts or improved 
methods of handling work of this character. Contributions are always welcome. 


Comments on Various Methods of 
Cleaning Motors 


HE question as to the best method 
Ts cleaning motor windings is an 
interesting and important one. It is 
also one on which there is some differ- 
ence of opinion. I have used gasoline 
for cleaning windings, and alcohol 
for cleaning commutators and have 
never been able to find anything else 
that would clean motor windings of oil 
and sticky dust as well as they do. 

I do not see any advantage in baking 
an oil-soaked motor; if it does anything 
baking wou!d probably do harm because 
the oil that had partially solidified 
would be run into the cracks in the 
insulation by the heat. There might 
be some small advantage in heating the 
motor and then washing with gasoline, 
but I prefer to clean them cold. Of 
course, after thoroughly washing it 
would be a good idea, if a bake oven is 
handy, to give the winding a dip in 
baking varnish of high oil-resistant 
qualities. If the oven is not handy an 
air drying varnish can be had that is 
practically oilproof. It is generally 
conceded by all authorities on varnish 
that the amber- or orange-colored var- 
nish is the more oilproof and the black 
varnishes are the more waterproof; 
that is, generally speaking. 

The gasoline may be applied to the 
winding with a brush, a rag, or blow 
torch. It seems to me that dipping the 
motors in gasoline would be too expen- 
sive unless a large number of oil- 
soaked motors were to be cleaned. 
Birmingham, Ala. GRADY H. EMERSON. 





Changing Two-Phase Generator 
Winding to Three-Phase 


LARGE lumber concern purchased 

a second-hand, 90-kw., two-phase, 
2,200-volt, 277-r.p.m., 26-pole, 60-cycle, 
engine-type, revolving field a.c. gener- 
ator. After investigating the condition 
of the generator winding and the use of 
transformers to step down and convert 
two-phase to three-phase, it was decided 
to rewind the generator for three-phase, 
550-volt service. This was thought ad- 
visable, as the 2,200-volt, a.c. winding 
had been damaged in shipment and the 
insulation was not in the best of shape 
for hard usage. 

The 2,200-volt, two-phase winding 
was of the concentric-chain, hand-wound 
type, with the coil ends placed in two 
ranges, as shown in the accompanying 
diagram, the pole-phase group connec- 
tions for each phase being made on op- 
posite sides of the machine. 


The two-phase, 2,200-volt winding 
data were as follows: 156 slots, 78 coils, 
each coil consisting of 20 turns of No. 
10 d.c.c. wire, with a diameter of 0.102 
in., two wires wide by ten deep per slot, 
all turns per coil and groups were con- 
nected in series. There were 39 coils 
per phase, or 26 short pitch, 1-and-65, 
coils and 13 long pitch, 1-and-7, coils. 
The arrangement and connections are 
shown in the diagram. All the straight 
coils are in the A phase and all the bent 
coils are in the B phase. The average 
coil pitch of the two-phase winding was 
(4+4++6) +3=— 4.67, based on a 
double and single coil grouping for 
each phase. 

The method which was used in group- 
ing the coils of the two-phase winding 
to obtain the least number of different 
size coils is interesting. Since the 
stator had 156 slots and ‘26 poles there 
would be 156 + 26 =—6 slots per pole, 
or for two phases 6 + 2 = 83 slots per 
pole-phase. The inside coil of each 
group would require three unfilled slots 
between coil sides for the second phase 
coil sides, or its pitch would be 1-and-5, 
or 4. The pitch of the middle coil would 
have to be 1l-and-7, or 6, and for the 
outside coil would be 1-and-9, or 8. The 
average pitch for the three coils in this 
case would be (4 + 6+ 8) +3=6. 

This results in three coils per group 
or six different coil sizes; that is, three 
straight, or A-phase coils, and three 
bent, or B-phase coils for the two 





Schematic diagram of a two-phase 
generator winding showing the 


original layout and connections of 
the coil groups and also a front 
view of the coil ends as they ap- 
peared in the machine. 








ranges, or 13 coils of each size. With 
the 2-and-1 grouping shown in the dia- 
gram for this two-phase winding there 
are only four coils of different sizes; 
that is two straight and two bent for 
the A and B phases respectively. Only 
four different, size-forming blocks are 
required instead of six which would 
have been necessary with the three- 
coils-per-group winding. A saving in 
copper was also accomplished because 
the outside coil with the 1l-and-9 pitch 
would extend out farther and have a 
longer pitch than is required in the 2- 
and-1 group winding. 

The three-phase, 550-volt winding 
was figured as follows: The three-phase 
line voltage, using all the two-phase 
turns and a _ series-delta connection 
would be (2,200 x 2 ~ 38) x (0.966 ~ 
0.911) = 1,555 volts. The figure 0.966 
is the three-phase distribution factor 
for two slots per pole per phase, which 
is the number of slots for the new three- 
phase winding, as 156 + 26 =6 slots 
per pole and 6 + 3 = 2 slots per pole 
per phase. The factor 0.911 is the dis- 
tribution factor for the two-phase wind- 
ing having three slots per pole per 
phase. It was impossible to rearrange 
the two-phase winding to obtain 550 
volts, three phase, and as a complete 
rewind was necessary, the correct turns 
per slot for a 550-volt, three-phase 
series-delta connection is equal to (550 
xX 20) + 1,555 = 7. 

The cross-section of copper must be 
increased in the same proportion that 
the turns per slot were decreased. One 
No. 10 wire has an area of 10,381 circ. 
mils; then the new size of wire in cire. 
mils equals (20 x 10,381) + 7 = 29,660 
circ.mils. The nearest standard B & S 
gage size is one No. 5, with 33,102 





Use ends of coils 
for connections 
between groups 
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circ.mils. The slot opening is 0.125 in. 
and the insulated size of No. 5 d.c.c. is 
0.194 in.; therefore to make a two-layer, 
threaded-in winding, a smaller wire 
must be used. A wire size should be 
selected that will allow the use of a 
mush (hit and miss) wound coil to fa- 
cilitate winding and handling of the 
coils. From a wire table, we find that 
eight No. 14 wires have an area of 
8 X 4,107 = 32,856 cire.mils, which is 
sufficient copper. 

Checking the slot room, the width of 
the slot is 0.423 in., allowing 0.066 in. 
for slot insulation; the wire space is 
then 0.423 — 0.066 = 0.357 in. One No. 
14 s.c.e. wire has an insulated diameter 
of 0.071 in.; therefore 0.357 + 0.071 = 
5, or the number of wires that can be 
placed side by side. Since the coils are 
wound with seven turns of eight No. 14 
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s.c.e. wires, they will be 56 -5=11 
wires deep, or the depth of the insulated 
wire will be 11.2 x 0.071 = 0.7952 in. 
The depth of the slot under the opening 
is 1.406 in.; consequently we have 
ample room. 

In order to provide more copper and 
a better insulated wire, we decided to 
try No. 13 d.c.c. and: enameled wire. 
The insulated diameter of one No. 13 
d.c.c. and enameled wire is 0.0827; 0.357 
+ 0.0827 = 4, or the number of wires 
possible to place side by side. The 
coils would be 56 + 4 = 14 wires deep, 
and 14 x 0.0827 = 1.1578 in., which in- 
dicates that using the larger size and 
better insulated wire, we would still 
have ample slot and end room. Two 
0.023-in. fishpaper cells were used with 
. — fiber filler in the bottom of the 
slots. 
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Also a treated-cloth slider, 0.01 in. 
thick, was used inside the fish-paper 
cells and allowed to project up above 
the core to protect the wire when wind- 
ing it in. 

It was decided to use the one-coil-per 
slot, two-layer, diamond-end, group 
type of winding, as this would require 
the winding and the handling of only 
78 coils. 

With this type of winding the coils are 
put in in groups. For example, with 78 
coils, 26 poles, three-phase, one coil per 
slot, there will be (26 x 3) + 2 = 39 
groups, and 78+39=2 coils per 
group. 

Since the coils are put in in groups 
of two each there must be two slots 
between the inside coil sides, or the 
average coil pitch is 1-and-5, or 4, which 
is extremely close to the two-phase 
pitch of 4.67. 

Thus, the three-phase, 550-volt wind- 
ing consisted of 78 coils, each wound 
with seven turns of eight No. 13 d.c.c. 
and enameled wire, pitch 1l-and-5, two 
coils per group, 39 groups connected 
series-delta. 

All of the ends of the coils were taped 
with one half-lapped layer of 0.01-in. 
treated-cloth tape and one half-lapped 
layer of 0.007-in. cotton tape. The 
coils were of the mush puller type and 
provided, at a reasonable cost, a wind- 
ing that will stand considerable over- 
load without a serious rise in temper- 


ature. 
Wilkinsburg, Pa. A. C. ROE. 
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Chart for 
Determining Speed or Number 
of Poles in Motor 


HEN making speed changes, and 

on other occasions, it is often 
necessary to determine the speed or 
number of poles in which the stator of 
an induction motor is wound. 

If the frequency and either the speed 
or number of poles are known the other 
value may be found by means of the 
accompanying chart, which was drawn 
up to show the relation between the 
number of poles and the synchronous 
speed of induction motors operating at 
25 and 60 cycles. 

This chart is based on the formulas, 
P = (120 x F) + r.p.m., and r.p.m. = 
(120 x F) ~ P, in which P equals 
number of poles, F is the frequency and 
r.p.m. represents the revolutions per 
minute. 

When using the formula first given 
to determine the number of poles, the 
synchronous speed should be taken. 
The full-load speed must not be used, 
as it will not give a whole number of 
poles. 

When using the chart to determine 
the number of poles, place a ruler or 
straight-edge on the synchronous speed 
shown in the left-hand column and on 
the center of the cross, and read the 
number of poles that is indicated in the 
right-hand column. 

Should it be desired to find. the speed 
with a given number of poles, place the 
ruler on the figure representing the 
number of poles and on the center of 
the cross, and read the speed on the left- 
hand column. CHAS. F. CAMERON. 
Rock Springs, Wyo. 
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New Equipment 


for plant operation and maintenance 








Industrial plant executives concerned with the selection and 
operation of mechanical and electrical equipment will be in- 
terested in these new devices which are designed to improve 
plant operation or reduce operating and maintenance costs. 


New Flexible Shaft Coupling 


EW flexible shaft couplings are 
being marketed under the name of 
Flexoid, by the Smith Power Transmis- 
sion Co., 1218 Ontario St., Cleveland, 
Ohio. Two views of this coupling are 
shown in the accompanying illustration. 
This coupling consists of two cast-iron 
flanges coupled together with one or 
4 
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more flexible fabric disks in such a 
manner that there are no metal-to- 
metal bearing surfaces. 

A joint of high strength and flexibil- 
ity is claimed for this coupling which 
is designed to permit a 6-deg. misalign- 
ment of the shafts without chatter, ac- 
cording to the manufacturer, who also 
states that the fabric is especially 
treated, is impervious to oil and water, 
and insures complete electrical insula- 
tion of the sections of the shaft. No 
lubricant is required for this coupling. 

These couplings are made in eight 
sizes with capacities from 0.2 to 10 hp. 
at 100 r.p.m. The manufacturer also 
states that these couplings can be used 
on reversing drives and other services 
with shock loads, as well as either hori- 
zontally or vertically. 





Three-Element Watt-Hour Meter 


POLYPHASE watt-hour meter hav- 

ing three single-phase elements 
has been introduced by the General 
Electric Co., Schenectady, N. Y. Two 
designs are available, the side-con- 
nected, house-pattern, type D-9, and 
the back-connected, switchboard-pat- 
tern, type DS-9. The three-element 
type of meter, only recently developed, 
is intended for metering four-wire, 
three-phase circuits and is recom- 
mended where the highest accuracy is 
required, particularly when the circuit 
is unbalanced. 

The same fundamental principle used 
in the two-element type of meter is 
utilized in the three-element types, in 
both service and switchboard forms. 
The meter is simply lengthened to ac- 
commodate another single-phase ele- 
ment which is attached to the base in 
the same manner as the other, and is 
equipped with the same balancing ad- 
justments. The new meters embody 
the same features which characterize 


the two-element type, and, in addition, 
provide the extra element necessary for 
correctly metering on the three-watt- 
meter principle any four-wire, three- 
phase circuit. 

This same construction is often use- 
ful for special metering applications 
such as totalizing two separate cir- 
cuits, for example, a three-wire, two- 
or three-phase power circuit and a 
single-phase lighting circuit. 





Frequency Changer for Operating 
Small Motors 


HE frequency changer shown in the 

accompanying illustration has been 
designed and is being marketed by 
Forbes & Myers, 172 Union St., Worces- 
ter, Mass., for high-speed operation of 
individual small induction motors. This 
small, compact unit has the driving 
motor for the changer in the same 
frame and core as the frequency 
changer itself. In this illustration, the 
cover is removed to show the three 
rings for collecting the high-frequency 
current. 

The unit illustrated is rated at 4 kva. 
for the operation of a 4-hp. motor. This 
particular unit operates on 220-volt, 
three-phase, 60-cycle current and de- 
livers three-phase power at 60 cycles, 
110 volts and 240 cycles, 270 volts. This 
unit is designed for the operation of a 
two-speed motor which is wound for 
1,800 and 3,600 r.p.m. on 60 cycles. The 
240-cycle current gives the two addi- 
tional speeds of 7,200, and 14,400 r.p.m. 
on this same two-speed motor, which 
changes it into a four-speed motor. 

High-speed motors are usually oper- 
ated on three-phase current; however, 
the frequency changer can be built, it is 
stated, to operate on either two- or 
three-phase or even single-phase power 
and have the change made to three- 
phase power at the same time as the 
frequency is changed. 

According to the manufacturer, the 
construction of this frequency changer 
is identical with that of a slip-ring in- 
duction motor, except that there are 
two independent windings in the same 
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If addi- 
tional frequencies are desired from the 
same frequency changer at the same 
time, they can be secured by using an 
additional winding for each additional 


slots of each rotor and stator. 


frequency. 





Gas-Electric Industrial Crane 
Truck with Magnet 


N INDUSTRIAL crane truck in 
which the power for operating the 
driving or hoisting motors as well as 
the lifting magnet is supplied by a gas- 
oline engine and generator mounted on 
the truck in place of the storage bat- 
tery, has been announced by the Baker- 
Rauling Co., Cleveland, Ohio. This is 
known as the type S-477 and has a 
capacity of 1,000 lb. on a 40-in. radius. 





The accompanying illustration shows 
the use of this truck with a 20-in. cir- 
cular type, Ohio Electric & Controller 
Co., Cleveland, Ohio, magnet designed 
to operate on 1,320 watts for handling 
castings in bags while loading or un- 
loading from box cars or handling in 
storage. This magnet could be used as 
well for handling loose castings. It is 
said that in one instance this crane 
truck unloaded a car of loose castings 
in 45 min., the best previous record 
being 3 hr. for four men. 

The power for operating the travel 
and hoisting motors as well as the 
magnet is supplied by a gas-electric 
unit manufactured by the Ready-Power 
Co., Detroit, Mich. This unit consists | 
of a compound-wound, ball bearing gen- 
erator with a maximum capacity of 
250 amp. at 30 volts, which is connected 
by a silent chain drive to a four-cylinder, 
Continental gasoline engine operating 
at 1,000 r.p.m. 
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Temperature Overload Relay 


EDESIGNING of the temperature 

overload relay TC-121 has been 
announced by the General Electric Co., 
Schenectady, N. Y. This relay has two 
heating elements connected in each two 
phases, so that complete protection is 
provided for single-, two- or three- 
phase motors. On d.c. circuits, the 
heating elements are connected on each 
side of the line. The improved relay is 
known as the form C, or TC-121-C. 
According to the manufacturer, the im- 
provements in design allow the use of 
renewable heating elements, prevent the 
bending of thermostatic strips by oper- 
ators, and include a better mechanical 
construction. The relay is reset by 
means of a cord and button suspended 
from the bottom. 
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Motor-Driven Wire Stripper 


MACHINE for stripping the insu- 

lation from the ends of wire is 
being put on the market by the France 
Wire Stripper Co., 255 Erie Bldg., 
Cleveland, Ohio. This device, known 
as the “Speedcraft Wire Stripper,” 
consists of revolving knives that are 
driven by a motor. The distance be- 
tween the cutting edges of the knives 
is adjustable for removing insulation 
from different sizes of wires. The 
length of the stripped portion is also 
controllable. 

The machine twists together the 
strands of wire at the same time that 
the insulation is removed. However, 
the manufacturer states that none of 
the strands will be cut off during the 





operation, for the depth to which the 
knives cut is set by means of a posi- 
tive stop which permits the removal of 
all of the insulation without injury to 
the conductor. Standard machines will 
handle any size of wire up to a 
diameter of 4 in. over the insulation, 
and will strip the insulation off the 
end for any desired length up to a 
maximum of 33 in. : 


—__~———— 


Portable Electric Pipe Machine 


NNOUNCEMENT is made that Hall- 
Will, Inc., Erie, Pa., have placed on 
the market the Red-E-Hall portable 
electric pipe cytting and threading ma- 
chine which will handle 34-inch. to 2-in. 
pipe, and 3-in. to 13-in. bolts. It is 
stated that this machine may also be 
used as a power unit by connecting in 
a universal shaft to drive hand stocks 
up to 12 in. While this tool is designed 
as a portable machine, it can be changed 
over to a stationary machine by remov- 
ing the wheels and bolting down. 

The machine is of malleable-iron and 
steel construction and weighs 450 lb. 
Portability is obtained by a built-in 
truck with double swivel casters at the 
front, which elevate the front of the 
machine when the handle is moved for- 
ward. 

The friction clutch for starting and 
stopping is operated by the lever handle 
at the top of the machine. The drive 
is obtained from a 1-hp., 1,750-r.p.m., 
reversible motor bolted directly to the 
main frame, as shown. This motor is 
connected to the head by a silent chain 
drive and is operated by push or turn- 
button control with stop, start, and re- 
verse control attached to the outside of 
the bed where it is convenient for the 
operator. 
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Timken roller bearings are installed 
on all drive shafts. This pipe machine 
has three speeds, including an extra 
fast, for cutting off. All gears and 
shafts run in oil and speed changes are 
made by a selective sliding gear sys- 
tem with a neutral position between all 


shifts. All oil for cutting is supplied 
by a rotary, geared, reversible oil pump 
driven directly from the motor.at con- 
stant speed. A large oil reservoir is 
mounted on the frame. 


—_———_@——— 
Portable Acetylene Generators 


NNOUNCEMENT is made by The 

Bastian-Blessing Co., 240-258 E. 
Ontario St., Chicago, IIl., that the new, 
portable Rego type PA acetylene gen- 
erator has been listed as approved by 
the Underwriters’ Laboratories. This 
generator is made in 30- and 60-lb. 
capacities in both portable and station- 
ary types, which have normal generat- 
ing capacities of 30 and 60 cu.ft. per 
hour respectively and maximum capaci- 
ties twice as great. 





New Paint Spray 


ASE and simplicity of operation 

are claimed as the outstanding 
features of the new Milburn paint 
spray, shown in the accompanying 
illustration, which has recently been 
announced by Alexander Milburn Co., 
1416-1428 Baltimore St., Baltimore, 
Md. In this device the paint enters a 
large annular chamber surrounding the 
air nozzle, from which it is atomized 
and expanded in a venturi-shape. The 
atomization is regulated by a turn of 
the nozzle from a small to a large 
spray, or is entirely shut off, which 
brings into play a stream of air for 
dusting purposes. An air pressure of 
40 lb. is ordinarily used, but this can 
be varied to suit the work. Carbonic 
acid gas tanks may be used with the 
spray, it is stated. 

The manufacturer asserts that this 
paint spray is light and employs a 
simplified principle of construction 
which accounts for the absence of 
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moving parts and passages which may 
clog. This spray may be used for coat- 
ing either walls or irregular surfaces 
with paint, varnish, oil or other similar 


coatings. 
—_———_>——_— 


Direct-Acting, Time-Limit 
Attachment for Circuit Breakers 


EW attachments for standard-type 
circuit breakers, which prevent the 
latter from opening until an abnormal 
current has existed for an unusual 
length of time, or where there is an 
overload of such high value as to be 





equivalent to a short-circuit, have been 
announced by the Roller-Smith Co., 233 
Broadway, New York, N. Y. These 
direct-acting, time-limit attachments 
are designed especially for use where 
circuit breakers are used for motor pro- 
tection because the starting current on 
the majority of motors is considerably 
in excess of the running current, thus 
necessitating the use of a circuit 
breaker which will not open during the 
normal starting period. 

This attachment consists of paddles 
which are mounted in a cast, quadrant- 
shaped chamber filled with oil. The 
operation of the device is described by 
the manufacturer as follows: When 
the circuit in the overload coil of the 
breaker increases to the point where the 
magnetic pull of the core, is sufficiently 
strong to attract the overload armature 
this armature is attracted upward in 
exactly the same fashion as on a regu- 
lar breaker. The upward motion, how- 
ever, is retarded by the suction which 
exists between the paddles. Because of 
the accurately ground surfaces of these 
two paddles and the fact that they are 
submerged in oil, a comparatively 
strong pull must be exerted to separate 
them. If the pull of the overload core 
pin continues long enough or reaches 
a high point, due to a very heavy over- 
load or short, the seal between the two 
paddles is broken and the armature 
rises, which instantly drives the handle 
and lever over and trips the breaker in 
the conventional manner. 

This direct-acting, time-limit attach- 
ment is secured to the outside housin¢’ 
of the outside poles on multiple-po:. 
breakers by means of two bolts. The 
time-limit attachments are _ shipped 
mounted on the breaker, but without 
the oil, which is supplied and shipped 
in a separate can. 
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Trade Literature 


you should know about 








Copies of literature which is described on this page can be 
obtained by writing to the manufacturer whose name and address 


are mentioned. 


It is always advisable to state the name and 


number of bulletin or catalog desired, as given in these columns. 


Man-Cooling Fans—A circular de- 
scribes the Giant Portable Man-Cooler. 
—American Blower Co., Detroit, Mich. 


Power-Factor Correction — Bulletin 
146 relates the experience of the Amer- 
ican Gas & Electric Co. in power-factor 
correction by the consumer.—Wagner 
Electric Corp., St. Louis, Mo. 


Motors—A circular illustrates and 
describes the stator construction and 
field windings of Century squirrel-cage, 
polyphase induction motors.—Century 
Electric Co., 1806 Pine St., St. Louis, 
Mo. 


Belt Clamps—A circular illustrates 
the application and the advantages of 
Petrol belt clamps for use in connect- 
ing fabric base belts on heavy-duty 
service.—Victor Balata & Textile Belt- 
ing Co., 38 Murray Street, New York, 
N. Y. 


Safety Lubricator—A 48-page book- 
let of questions and answers discusses 
lubrication problems and their solution 
by means of the Keystone Safety Lubri- 
cating System. A number of illustra- 
tions show applications in different in- 
dustries—Keystone Lubricating Co., 
Philadelphia, Pa. 


Belt Adjuster—A circular describes 
the Medart short-center belt adjuster 
for use on open belt drives where the 
centers are close and speed reductions 
high.—The Medart Co., Potomac & De 
Kalb Sts., St. Louis, Mo. 


Steel Roofs—A new booklet entitled, 
“Truscon Roofs of Security,” illustrates 
the application of Ferrodeck and I- 
Plates steel-deck roofs for making 
permanent light-weight non-combus- 
tible roofs for all kinds of buildings.— 
Truscon Steel Co., Youngstown, Ohio. 


Tool Steel Pinions—Circulars and 
bulletins describe the advantages of 
using hardened, tool steel pinions and 
gears and the savings possible over the 
use of parts made of untreated mate- 
rial.—The Tool Steel Gear & Pinion Co., 
Cincinnati, Ohio. 


Roller Bearings—A circular entitled, 
“Hyatt Roller Bearings for Your Mill 
and Crane Type Motors,” gives a 
diagrammatic illustration of an adapter 
for replacing existing plain bearings in 
several types of mill motors with Hyatt 
bearings.—Hyatt Roller Bearings Co., 
Newark, N. J. 


Whiting Products—Catalog 175 under 
the above heading is a condensed cata- 
log of the equipment manufactured by 
the Whiting Corp., and its subsidiaries. 
The Whiting products consist of cranes, 
foundry equipment, railway equipment, 
special machinery. Products of the sub- 
sidiaries are evaporators, crystallizers, 
pulp mill and sugar machinery, and pul- 
verized coal systems.—Whiting Corp., 
Harvey, II. 





Air Filters — A 32-page catalog 
describes the construction and operation 
of the Phoenix constant-effect air filter, 
in which the air passes through a rota- 
table screen covered with a viscous 
film.— Drying Systems, Inc., 1800 
Foster Ave., Chicago, II. 


Steel Belt Lacing—A circular gives 
the advantages gained, illustrates the 
application, and lists the sizes of Alli- 
gator steel belt lacing for belts of 
various thicknesses. — Flexible Steel 
Lacing Co., 4607-31 Lexington St., Chi- 
cago, Ill. 


Distribution. and Street Lighting 
Equipment — Sectional Catalog 26 
covers a line of street lighting equip- 
ment and accessories as well as a line 
of specialties, distribution equipment, 
protective devices and pole line hard- 
ware manufactured by this company.— 
Line Material Co., So. Milwaukee, Wis. 


Crane and Hoist  Lubrication— 
Lubrication Bulletin 98 discusses and 
illustrates with phantom views the 
method of lubrication of the various 
types vf electric cranes and hoists 
manufactured by this company.—Shep- 
ard Electric Crane & Hoist Co., Mon- 
tour Falls, N. Y. 


Grounding Devices—A 6-page circu- 
lar gives data on Copperweld non-rust- 
ing ground rods and describes and lists 
such equipment manufactured by this 
company. Another bulletin discusses 
“The. Electrical Characteristics of 
Driven Grounds.”—Copperweld Steel 
Co., Braddock P. O., Rankin, Pa. 


Wire Rope—An 88-page Wire Rope 
Users’ hand book and price list dis- 
cusses recent developments in wire rope 
making and contains the regular cata- 
log descripton and specifications for 
wire rope and auxiliaries, as well as a 
large amount of engineering and oper- 
ating data.—American Cable Co., Inc., 
105 Hudson St., New York, N. Y. 


Flexible Couplings—A folder illus- 
trates four special types of Fast’s flex- 
ible couplings and describes the special 
service for which they are designed. 
These couplings include the mill type, 
cut-cut type, and telescopic couplings, 
as well as a special double coupling for 
excessive misalignment.—The Bartlett 
Hayward Co., Scott & McHenry Sts., 
Baltimore, Md. 


Manual Controllers—Bulletin 100 de- 
scribes the line\of Clark manual con- 
trollers of an improved, faceplate type 
for heavy-duty service, which are suit- 
able for overhead electric cranes, charg- 
ing machines, mill tables or any appli- 
cation where reversing of the motor is 
necessary and where hand operation is 
suitable—The Clark Controller Co., 
1146 E. 152nd St., Cleveland, Ohio. 
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Disc Clutches—Bulletins describe the 
new Edgemont type E disc clutch for 
use on lineshafts—The Edgemont 
Machine Co., Dayton, Ohio. 


Fuse Disconnects—Bulletin 118 illus- 
trates and describes the line of Three-E 
outdoor expulsion fuse disconnects.— 
Electrical Engineers Equipment Co., 
Chicago, Il. 

Welding and Cutting Apparatus— 
Catalog 172C, vest-pocket size, de- 
scribes the Milburn welding and cutting 
apparatus and welding generator.—The 
Alexander Milburn Co., Baltimore, Md. 


Pole Line Hardware—Catalog 612 
lists, describes and give specifications 
of the Truscon hot galvanized pole line 
hardware and _ specialties.—Truscon 
Steel Co., Youngstown, Ohio. 


Bakelite Applications— A 32-page 
reprint of a multiple-page insert of ad- 
vertising of Bakelite and Bakelite users 
shows a wide variety of applications of 
this product.—Bakelite Corp., 247 Park 
Ave., New York, N. Y. 

Automatic Pumping—The 24-page 
Booklet 400a treats this subject from a 
purely technical standpoint and gives 
several new methods of making cen- 
trifugal pumps automatic.—Barrett, 
Haentjens & Co., Hazelton, Pa. 


Cotton Mill Lighting—Booklet I-3 
discusses the problems connected with 
the lighting of the various departments 
of cotton mills—National Lamp Works, 
General Electric Co., Nela Park, Cleve- 
land, Ohio. 


Lubricating Equipment—Pocket-size 
catalogs describe the Detroit force-feed 
oilers for continuous lubrication of a 
number of bearings on pumps, compres- 
sors, engines, and other machinery.— 
Detroit Lubricator Co., Detroit, Mich. 


Steel Belt Lacing—Catalog 22 illus- 
trates the application and lists the 
various sizes of hooks and the different 
lacing machines for connecting belts.— 
Clipper Belt Lacer Co., 974-1042 Front 
Ave., N. W., Grand Rapids, Mich. 


Tramrail Systems — A series of 
folders illustrate a number of applica- 
tions of Cleveland tramrail systems 
handling material in process.—Cleve- 
land Electric Tramrail Division of the 
Cleveland Crane & Engineering Co., 
Wickliffe, Ohio. 


Non-Metallic Gears—A booklet dis- 
cusses the uses and advantages claimed 
to result from using silent gears of 
Fibroc for industrial purposes. Par- 
ticular attention is called to the Fibroc 
GR self-lubricating gear material which 
is impregnated with graphite.—Fibroc 
Insulation Co., Valparaiso, Ind. 


Industry’s Electrical Progress—-Pub- 
lication C-37 under the above title is 
an interesting 36-page booklet bound in 
board. This book shows in a _ non- 
technical way the growth of the appli- 
cation of electricity to industrial pur- 
poses, the progress made in the design 
of electrical equipment, and _ gives 
numerous non-technical but interesting 
examples of results accomplished by the 
use of correct motor control equipment. 
Many actual installations are shown. 
A copy will be sent upon request on a 
business letterhead—The Cutler-Ham- 
= Mfg. Co., 150 12th St., Milwaukee, 

is. 








